Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


D,j,i,i.aL,  Google 


The  Branner  Geological  Library 


LELAKB'SlaHFCiRBiJVFIOR'A'roVERSnT 


D,j,i,i.aL,  Google 


L,  Google 


L,  Google 


D,j,i,i.aL,  Google 


D,j,i,i.aL,  Google 


ANNUAL   REPORT 


BOARD   OF   REG-ENTS 


SMITHSONIAN  INSTITUTION, 


THE  OPERATIONS,  EXPENUITURES,  AND  CONDITION  OF 
THE  INSTITUTION 


THE    TTEJ^R   1877. 


WASHISGTON: 
OOTEBNMENT  P  B  I  N  T  I  N  O  OFFICE. 


D,j,i,i.aL,  Google 


POHTY-FIFTH  CONGRESS— SECOND  SESSION. 


April  25,  l&iS. 

Tbo  fulloning  reEolution  wna  ogreetl  to  by  tbe  SeDute  Mnrcli  G,  1876,  aad  concurred 
in  by  tlie  Honse  of  HepreBontotives  April  24,  1673 : 

£e>elred  6y  lAe  Senate  (Ihe  House  of  Repre»aitatire»  amcitrtinij),  Tbat  ten  thoueaiid  five 
himdreil  oopiea  of  tbe  Eejiort  of  tbo  Bmlthsouiaa  luatitutiou  for  tbe  ytar  li^7  be 
printed ;  one  tbonsttnd  copies  of  nbtcb  sball  be  for  tbe  use  of  tbe  Senate,  tbieo  thou- 
H>nd  copies  of  which  shall  be  for  the  use  of  the  Uonse  of  EepreaeDtatives,  auU  nix 
thooennd  five  hundred  copies  foe  the  use  of  tbe  SnithsoDiao  InstiiutioD ;  I'roridid, 
That  the  aggregate  number  of  pagea  aball  not  exceed  five  hundred,  and  tbat  tlicre  bo 
no  iilDstrations  except  those  famished  b;  tbe  Smithsonian  Institution. 

April  25,  1878. 

Attest:  213624 

'^-*  GEO.  C.  GOKHA.M, 

SKnlK,!/. 

By  w.  J.  McDonald, 

Chief  Cltrk. 
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SECRETARr  OF  THE  SMITHSONIAN  INSTITUTION. 


The  annual  report  of  the  Board  of  Regents  of  that  Lislitulionfor  the  year 
1877. 


February  15, 187e.-Orderea  t.)  be  p 


Smithsonian  Institution, 
^Yashi^ttf{o»,  February  6, 1878. 
SiB:  Id  behalf  of  the  Board  of  Regents,  I  have  the  honor  to  submit 
to  the  Congrees  of  the  Fulted  States  the  auimal  report  of  the  operations, 
expeoditares,  and  condition  of  tho  Smithsouian  Institution  for  the  year 
1877. 

I  have  the  honor  to  be,  very  respectfully,  joiir  obedient  servant, 
JOSEPH  HENRY, 
Secretary  Smitksonian  Imtitution. 
Hon.  W.  A.  Wheeleh, 

President  of  the  Senate. 
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REPORT  OF  JOSEPH  HENRY,  SECRETARY,  FOR  THE  YEAR  1877. 


To  the  Board  uf  Regents  <■/  the  Smithsonian  Institution  : 

<tENTLEMEN :  I  liave  tlie  boQor  lierewitli  to  present  to  you  a  report 
of  tUe  operatious  and  coudition  of  tbe  lustitution,  intrusted  to  year  care 
by  the  GovernmeDt  of  the  United  States,  for  the  year  1877. 

IMTRODUCTIOX. 

Nothing  of  specml  importaoce  has  occurred  during  tbe  past  year  to 
vary  the  conditions  and  operations  of  the  establishment,  while  from  the 
following  report  I  think  it  will  be  evident  that  it  has  contiDued  faith- 
fully to  discbarge  the  duties  assigned  it  by  the  will  of  tbe  fonoder,  as 
well  as  to  carry  out  the  direction  prescribed  by  Congress  in  the  act  of 
its  orfianization. 

In  the  last  report  a  full  account  was  f;iven  of  the  operations  of  tbe 
Institution  in  connection  with  the  Centennial  Exhibition,  and  in  rela- 
tion to  this  the  Board  of  Ite^ents  addressed  a  memorial  to  Congress,  ask- 
ing for  an  appropriation  of  $250,000  for  tbe  erection  of  a  new  bnilding, 
principally  to  accommodate  the  articles  presented  by  foreign  governments 
to  tbe  National  Musenm  under  tbe  care  of  tbe  Institution.  A  bill  in 
favor  of  this  petition  was  presented  to  tbe  Senate  by  the  Hon.  Mr.  Mor- 
rill, of  Vermont,  whicb  passed  without  opposition.  It  failed,  however, 
to  pass  tbe  House  of  Representatives,  although  a  majority  of  the  mem- 
bers approved  of  it,  because  it  could  not  be  brought  before  tbe  House 
without  a  two-thirds  vote  in  favor  of  its  consideration.  Tbe  same 
bill  will  again  be  presented,  and  the  hope  ia  confidently  entertained  that 
it  will  receive  the  approbation  of  Congress.  In  anticipation  of  this  re- 
sult a  plan  of  the  building  has  been  prepared  under  tbe  direction  of 
General  Meigs. 

In  the  two  preceding  reports  I  have  called  the  attention  of  the  Board 
of  Itegents  to  tbe  j)ropriety  of  a  final  separation  of  the  Institution  from 
the  Jiational  Museum,  anil  nothing  has  occurreil  during  tbe  past  year  to 
change  my  opinion  on  Ibis  point.  Although  I  do  not  urge  this  for  im- 
mediate action,  yet  1  think  it  should  be  kept  in  view,  and  the  proposi- 
tion at  a  favorable  tiraepreseuted  to  Congress.  My  reason  for  advocating 
this  proposition  is  that  Smithson  gave  his  own  name  to  tbe  establish- 
ment which  ho  founded,  thereby  indicating  that  he  intended  it  as  a  monu- 
ment to  his  memory,  and  in  strict  regard  to  this  feature  of  his  will  bis 
bequest  should  be  administered  separately  from  all  other  funds  and  the 
results  achieved  by  it,  accredited  to  his  name  alone.    The  Institution, 
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therefore,  sboalil  uot.  be  merged  in  any  eatablisliment  of  tUe  goverumeut, 
but  Blionld  stand  isulated,  free  to  the  niiobstructed  obserTation  of  tbe 
whole  world,  keepiug  ia  per    tual  remembrauce  tbe  will  of  its  foander. 

The  functions  of  the  Institntion  and  tbe  UuBeum  are  entirely  differ- 
ent; those  of  the  Institntiou  being — first,  to  enlarge  the  bounds  of 
human  thought  by  assisting  men  of  science  to  make  original  iuvesti- 
gatious  in  all  brancbes  of  knowledge,  to  publish  these  at  the  expense 
of  tbe  SmithsoQ  fond,  and  to  present  copies  of  them  to  all  tbf<  priucip»l 
libraries  of  tbe  world;  second,  to  institute  investigations  in  various 
brancbes  of  scieace  and  explorations  for  the  collection  of  specimens  iu 
natural  history  and  ethnology  to  be  distributed  to  museums  aud  other 
establishments;  third,  to  diffuse  knowledge  by  carrying  on  an  extended 
ititeruational  series  of  exchanges  by  which  tbe  accounts  of  all  the  oiig- 
Inal  researches  iu  science,  the  educational  progress,  and  the  general 
advauce  of  civilization  in  the  New  World  are  exchanged  for  similar 
works  of  the  Old  World.  To  carry  out  this  plan  tbe  Institution  requires 
no  costly  building,  but  merely  accommodations  for  receiving  and  dis- 
tributing its  collections. 

The  Museum,  on  tbe  other  baud,  is  intended  to  embrace  a  collec- 
tion of  specimens  of  nature  and  art  which  shall  exhibit  tbe  natural 
resources  and  industries  of  tbe  country,  or  to  present  at  one  view  the 
materials  essential  to  tbe  condition  of  high  civitization  which  exists  iu 
the  different  States  of  the  American  Union ;  to  show  the  various  pro- 
cesses of  manufacture  which  have  been  adopted  by  us,  as  well  as  those 
used  iu  foreign  countries ;  in  short,  to  form  a  great  educational  estab- 
lishment by  meauB  of  which  the  inhabitants  of  our  own  country,  as  well 
as  those  of  foreign  lands  who  visit  our  shores,  may  be  informed  as  to 
the  means  which  exist  in  the  United  States  for  tfaeeitjoyment  of  human 
life  in  tbe  present,  and  the  improvement  of  these  means  in  the  future. 

The  support  of  socb  an  establishment  mnst,  of  necessity,  be  derived 
from  Congress,  and  no  part  of  the  income  of  the  Smithson  fund  should 
be  devoted  to  this  purpose,  since  it  is  evident  from  the  will  of  Smithson 
that  be  intended  his  benefaction  for  the  good  of  mankind,  and  therefore 
all  expenditures  on  local  objects,  or  eveu  on  those  limited  to  tbe  United 
States,  are  not  in  conformity  with  tbe  intentions  of  the  donor.  A  very 
objectionable  result  of  the  present  connection  of  the  two  establishments 
is  the  necessity  for  the  lustitntion  to  appeal  to  Congress  annually  for  an 
appropriation  for  tbe  support  of  the  Museum,  whereby  the  Institution  is 
presented  to  the  world  as  a  suppliant  for  aid,  although,  for  carrying  out 
the  legitimate  objects  of  tbe  bequest,  no  annual  appropriation  from  tbe 
public  Treasury  is  necessary. 

Tbe  whole  of  the  Smithsonian  building  is  now  required  for  tbe  Xaiional 
Museum,  and,  in  case  of  tbe  separation, a  new  building  shonld  be  provided 
for  the  accommodation  of  tbe  Institution;  and  when  the  financial  cod- 
ditiou  of  tbe  country  shall  be  better,  I  trust  tbe  sense  of  Justice  of  tbe 
people  of  tbe  United  States  will  induce  Congress  to  restore  to  the  ftinds 
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of  SmiUison  at  least  a  part  of  tbe  $500,000  which  have  beeu  expeDdeO 
on  the  buildiug  from  the  income  of  tbe  Siuitbsoii  bequest.  I  know  that 
the  present  is  a  very  nofavorable  time  for  presenting  this  proposition  to 
Congress,  but  I  do  not  despair  of  its  being  favorably  received  ben-after. 

Among  the  minor  incidents  of  the  year  was  the  reception  of  n  letter 
from  M.  de  la  Batut,  of  Belz,  France,  tbe  half-brother  of  the  nephew  of 
Sioitbson,  to  whom  be  berjueiitbed  bis  property,  and  in  case  of  whose 
death  it  was  to  be  devoted  to  founding  the  Smithsonian  Institution. 
With  this  letter  was  a  miniature  likeness  of  James  Smithson  and  unothcr 
of  Colonel  Dickinson,  the  half-brother  of  Smithson,  which  were  oflereii 
for  sale  to  the  Institution,  and  were  finally  purchased  for  the  sum  of 
IIOO.  Accompanying  these  portraits  was  what  appeared  to  be  the 
original  draft  of  Smithsou's  will,  slightly  differing  in  one  particular 
from  that  previously  published  in  the  Smithsonian  report  for  185^,  and 
also  a  series  of  notes  addressed  to  Smithson  by  some  of  the  most  di^- 
tingaisbed  scientists  of  his  day.  Among  these  are  those  from  Oersted, 
Arago,  Biot,  Lester,  Tennant,  Klaproth,  and  others,  which  would  be 
highly  prized  by  collectors  of  autographs,  and  which  serve  to  show  tlic 
intimate  association  of  Smithson  with  the  most  distinguished  cuUivatoi  s 
of  science  at  the  begiuning  of  the  present  century. 

There  are  now  in  the  Institution  three  likenesses  of  Smithson,  one  a 
small  full-length  picture,  which  was  purchased  from  bis  servant,  John 
Pittall,  and  represents  him  in  the  costume  of  a  student  at  Oxford ; 
another,  a  small  medallion,  which  was  among  his  effects ;  and  the  tliird 
is  the  one  above  mentioned.  As  a  part  of  tbe  legacy  of  Smithson  there 
were  received  a  small  library  and  several  large  trunks  filled  with  cloth* 
ing,  some  articles  of  apparatus,  a  silver-plated  dinner  set,  two  small 
cabinets  of  minerals,  and  a  large  collection  of  papers,  including  corre- 
spondence. All  of  these,  except  tbe  library,  were  destroyed  in  the  fire 
of  1863.  The  effects  were,  however,  of  little  value,  except  as  mementos. 
The  mannscripts  consisted  principally  of  private  letters  and  a  series  of 
seoteoces  arranged  according  to  the  letters  of  the  alphabet,  as  if  they 
were  intended  fora  philosophical  dictionary.  The  library,  which  is  still 
preserved,  consists  of  123  volumes  and  8S  pamphlets,  and  is  preserved 
in  a  separate  case  in  the  Begents'  room  of  the  Institution. 

Id  the  report  of  tbe  Institution  for  1853  I  gave  a  list  of  the  scientific 
papers  of  Smithson  which  were  published  in  the  Transactions  of  the 
Boyal  Society  of  London  and  in  scientific  periodicals.  Although  at  the 
present  day  there  is  nothing  in  these  papers  of  very  special  interest,  since 
the  facts  which  he  communicated  have  since  been  merged  in  the  general 
progress  of  science,  yet  it  might  be  well  to  republish  them  in  a  separate 
volame  as  an  illustration  of  the  character  of  the  founder  of  the  Institu- 
tion and  to  mark  his  connection  with  the  science  of  his  day. 

Id  the  report  for  the  year  187G  an  account  was  accidentally  omitted 
of  the  decease  of  Fielding  B.  Meek,  an  esteemed  collaborator  of  this 
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Institution,  who  occapied  for  apvard  of  twenty  years  a  room  in  tbe 
SniitbsoDian  building  and  asBisted  witbont  salary  in  tbe  operatious  of 
tbe  establisbment.  Ho  was  devoted  to  paleontology,  and  was  one  of  tbe 
principal  autboritics  in  tbe  conntry  in  tbe  line  of  fossil  shells.  At  the 
lime  of  bis  death  he  bad  just  completed  a  large  volume  on  tbe  paleon- 
tology of  the  Upper  Missouri,  published  in  connection  with  Dr.  Hay- 
den's  surveys.  He  was  obliged  on  account  of  his  health  to  speud  bis 
.  winters  in  Florida,  but,  delaying  his  departnre  too  long  and  undnly  exert- 
ing himself  Jbe  day  before  be  intended  to  leave,  be  was  seized  with  a 
bemorrbage,  and,  after  an  illness  of  a  few  days,died  on  the  21st  December, 
1S7C.  He  was  born  in  the  city  of  Madison,  lod,,  December  10, 1817,  and 
bad  thereforejust  completed  his  lifty-nintb  year  at  tbe  time  of  his  death. 
Hisgrandparent8wereIri8hPresbyteriane.who  emigrated  to  this  country 
from  the  county  of  Armagh  about  the  year  lT(i8.  His  father  died  when 
he  was  bnt  three  years  old,  leaving  tbe  family  in  moderate  circumstances. 
He  was  educated  in  tbe  public  schools  of  Madison.  His  attention  was 
early  attracted  to  the  fossil  shells  so  abundant  in  tbe  rocks  in  the  vi- 
cinity of  his  home.  Arriving  at  tbe  age  of  manhood,  be  invested  tbe 
small  sum  received  from  his  father's  estate  in  mercantile  bnsiness,  but 
having  no  taste  for  that  accupation,  and  neglecting  it  to  pursue  bis  stud- 
ies, a  failure  was  the  consequence.  He  then  devoted  himself  as  a  means 
of  livelihood  to  portrait-painting,  continuing  his  scientific  stodies,  espe- 
cially in  tbe  line  of  geology.  In  tbe  year  1S4$  he  was  associated  with 
David  Dale  Owen  in  the  geological  survey  of  Iowa  and  Minnesota,  and 
in  1852  became  an  assistant  to  Professor  Hall  in  tbe  preparation  of  tbe 
paleontology  of  the  State  of  New  Yorlt.  Under  the  direction  of  Profess- 
or Hall  be  explored  tbe  Bad  Lauds  of  I^ebraska,  and  collected  a  valuable 
series  of  fossils.  In  1858  became  to  Washington,  where  he  resided  con- 
tinuously lo  the  time  of  his  death,  leaving  the  city  for  a  few  months  only 
from  time  to  time  while  engaged  in  studying  tbe  paleontology  of  Illinois, 
Ohio,  and  California,  and  later  iu  Florida  during  the  winter  on  account 
of  bis  health.  During  his  residence  iu  tbe  Institution  be  gradually  lost 
bis  hearing,  and  conid  only  be  communicated  with  by  means  of  irriting. 
He  gradually  withdrew  from  social  intercourse,  and  devoted  bis  life  ex- 
clusively to  the  prosecution  of  science.  He  was  in  correspondence  with 
tbe  principal  investigators  of  the  world  in  the  line  of  paleontology,  and 
although  scarcely  known  in  this  city  bis  name  was  familiar  to  the  culti- 
vators of  geology  everywhere.  He  was  a  man  of  singular  truthfulness 
and  critical  accuracy,  and  was  highly  esteemed  by  the  few  who  bad  the 
pleasure  of  bis  acquaintance.  His  death  has  been  widely  announced  in 
all  the  scientific  journals  of  the  day,  but  no  relative  has  appeared  to 
claim  bis  proi>erty.  As  secretary  of  the  Institution  with  which  be  had 
been  so  long  connected,  I  considered  it  my  duty  to  assume  the  office  of 
administrator,  and  as  ayear  has  now  elapsed  since  the  time  of  hi»  decease 
I  am  about  to  make  a  report  of  the  condition  of  bis  estate  to  the  or- 
phans' court  of  the  District  of  Columbia.    The  final  disposition  of  bis 
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property,  whicli  is  partly  in  lands  in  Kansas,  cannot  ba  determined  at 
preseat,  and  if  not  claimed  by  beira  may  possibly  reqnire  tlie  action  of 

Congress, 

MEETING   OF  THE  rsTACLISimEM. 

Tbe  law  of  Congress  organizing  tlie  Sniitlisouian  Institutitm  directs 
Ihat  tbe  President  and  bis  Cabinet,  tbe Cbief  Justice,  tbe  Commissioner 
of  Patents,  and  sucb  other  persons  as  Ibey  may  elect  bouorary  members, 
may  bold  stated  and  special  meetings  for  inspecting  tbe  affairs  of  tbe 
lusumiion,  and,  in  accordance  witli  tliis  provision,  a  iQceting  of  tbat 
body  was  lurid  on  tbe  5tb  of  May,  1877.  Tbere  were  present  tbe  Presi- 
dent of  tbe  United  States,  U.  B.  Hayes ;  tbe  Secretary  of  State,  W.  51. 
Evarts  ;  tbe  Secretary  of  the  Treasury,  Jobn  Sberman  ;  tbo  Secretary 
of  War,  George  W.McCrary;  the  Secretary  of  tbe.  Interior,  Carl  Scburz; 
tbe  Attorney  General,  Cbarles  Deveus,  and  tbe  Postmaster-General,  D. 
M.  Key. 

Tbe  Secretary  of  tbo  lostitotion,  wbo  is  also  tbe  secretary  of  tbis  body, 
gave  a  full  account  of  tbe  bistory,  operations,  and  stat«  of  tbe  finances 
of  tbe  Institution ;  and,  after  listening  to  it  witb  iuterested  attention,  tbe 
Pre.'^ident,  on  bebalf  of  tbe  meeting,  expressed  tbe  opinion  tbiit  tbe  con- 
dition and  management  of  tbe  Institution  were  entirely  satisfactory,  and 
tbat  tbey  bad  no  improvement  to  suggest.  After  inspecting  tbe  bnild- 
ing,  tbe  museum,  and  tbo  system  of  exchanges,  and  esamiuing  the  pub 
lications,  tbe  meeting  adjonrnetl  to  meet  on  the  1st  Tuesday  in  May,  1878. 
FIKAKCES. 
Tbe  condition  of  tbe  funds  is  nearly  the  same  as  in  1876.  Tbe  only 
difference  is  a  diminution  in  the  marketable  value  of  tbe  Virginia  bonds 
which  has  fallen  from  842,000  to  834,503.  This  decline  was  occasioned 
by  propositions  made  in  the  legislature  of  the  State  which  were  thought 
to  savor  of  repudiation,  hot  those  propositions  have  not  met  witb  fa- 
vorable consideration,  and  it  is  now  confidently  expected  that  the  bonds 
will  again  advance  in  value. 

Tbe  following  is  a  statement  of  the  condition  of  the  fund  at  tbe  begin- 
ning of  tbe  year  1878: 

Tbe  amount  originally  received  as  tbe  bequest  of  James 
Smithson,  of  England,  deposited  in  the  Treasury  of  tbe 
United  States  in  accordance  with  the  act  of  Congress  of 

Augnst  10,  1840 $515,100  CO 

The  residuary  legacy  of  Smitbson,  received  in  18C5,  depos- 
ited in  tbe  Treasury  of  tbe  United  States  in  acconlance 
with  tbe  act  of  Congress  of  February  8,  1S67 2C,  210  03 

Total  bequest  of  Smitbson 541, 379  03 

Amount  deposited  in  tbe  Treasury  of  the  United  States, 
as  authorized  by  act  of  Congress  of  Fcbmary  8, 1807, 
derived  from  savings  of  income  and  increase  in  value  of 
investments 
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Amount  received  as  tlie  bequest  of  James  Hamiltou,  of 
Carlisle,  Pa.,  February  24,1874 $1,000  00 

Total  permatieut  SmitUsoii  lund  in  the  Treasury  of 
tbo  Uuitcd  States,  bearing  interest  at  C  per  ceut., 

payable  Bemi-anQualty  in  gold 001,000  00 

lu  addition  to  the  nbore,  tbere  remains  of  tlie  estra  fund 
from  savings,  &c.,  in  Virginia  bonds  and  certificates,  viz: 
Consolidated  bonds,  $58,700 ;  deferred  certificates,  $29,- 
375.07;  fractional  certificate,  $o0.13;   total,  888,125.20, 

valued  January.  1878 31,502  01) 

Casb  balance  in  United  States  Treasury  at  tie  beginning 
of  the  year  1878  for  current  cx|ieuses 25, 083  90 

Total  Smitbson  funds  Jauu:iry  0, 187S" $710, 0i5  00 

The  receipts  during  tlie  year  IS77  were  $4'J,C07.C2,  and  tlio  exi>endi- 

turea  $44,952.90,  leaving  a  balance  of  84,054,72  to  be  added  to  tbe  bal- 

aneo  ou  hand  at  tbe  l>egiuning  of  1877. 

The  interest  on  tbe  Virginia  bonds  i-eceived  during  tbo  year  was 

$3,885.70,  realized  from  tbe  sale  of  coupons  amounting  to  $3,522. 
The  interest  on  the  Hamilton  bcqsest  of  $1,000  has  been  received  to 

the  31st  December,  1877.    There  is  now  a  balance  on  band  of  interest 

amounting  to  $00.17,  which  will  be  available  during  the  present  year  in 

accordance  with  the  terms  of  tbe  bequest. 

BUILDIKG. 

Attention  having  been  specially  called  to  the  condition  of  tbe  public 
buildiugs  in  this  city,  on  accoant  of  the  destruction  by  flre  of  part  of 
tbe  Patent  Office,  it  was  deemed  advisable  to  give  additional  security 
to  the  valuable  collections  deposited  in  the  Smithsonian  edifice.  Tbe 
main  building,  wbicb  contains  the  National  Museum,  is  entirely  fire* proof, 
but  tbe  connecting  ranges  aud  tbe  two  wings  are  not  so.  It  was  there, 
fore  highly  desirable  that  the  main  building  should  be  entirely  isolated 
from  the  ranges  and  wings.  For  this  purpose  tbe  large  windows  facing 
tbe  wings  were  bricked  up,  and  all  tbe  doorways  leading  from  the 
museum  into  the  ranges  either  bricked  up  or  fitted  with  iron  instead  of 
wooden  doors.  Tbe  carpenter's  and  machinist's  shops  were  removed  to 
tbe  main  basement  and  inclosed  in  brick  walls.  The  storage  rooms  were 
made  fire  proof  by  replacing  wooden  partitions  aud  floors,  by  those  of 
brick.  In  the  high  central  tower  brick  partitions  have  been  constructed 
on  the  stairways,  toprevent  the  passage  of  fire  from  one  story  to  another. 

PUBLICATIONS. 

The  publications  of  the  Institution  are  of  three  classes,  viz,  the  CON- 

TEIBOTIOKSTO  KNOWLEDGE,  the  MISCELLANEOUS  COLLECTIONS,  and 

*  Tbe  datt)  mt  wbicb  tbe  Seitlemeut  of  tbs  accoautB  for  1877  wu  made. 


GocK^lc 
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tbe  ATTiruAi,  Hbpobts.  Tbo  flmt  consists  of  memoirs  coDtaiuiag  positive 
ndditions  to  scieuce  resting  on  original  research,  and  which  are  generally 
the  resalt  of  investigations  to  which  the  InstitatioD  has,  in  some  way, 
rendered  assistance.  The  Miscellaneous  Collections  are  composed  of 
works  intended  to  facilitate  the  study  of  various  brinches  of  natural  his- 
tory, meteorology,  &c.,  and  are  priucipully  designed  to  indace  individuals 
to  engage  in  these  studies  as  specialties.  Tbe  Annual  Reports,  besides 
an  account  of  the  operations,  es|iendituros,  nnd  coDditiou  of  the  Insti- 
tnlion,  contain  translations  from  works  not  geuerally  accessible  to  Amer- 
ican students,  rejiorts  of  lectures,  extracts  from  correspondence,  &c. 

The  following  are  the  rules  which  have  been  adopted  for  the  distribu- 
tion of  the  several  publications  of  tbe  institution : 

1st.  Tbey  are  presented  to  learned  societies  of  tbe  first  class  which  in 
return  give  complete  series  of  their  pnblicattona  to  the  Institution. 

:^d.  To  libraries  of  the  first  class  which  give  in  exchange  their  cata- 
logues and  other  jmblicatious,  or  an  equivalent  from  their  duplicate 
volumes. 

3d.  To  colleges  of  the  first  class  which  furnish  catalogues  of  their 
libraries  and  of  their  students,  and  all  other  publications  relative  to 
their  organization  and  history. 

4th.  To  States  and  Territories,  provided  they  give  in  return  copies  of 
all  documents  published  under  their  anthonty. 

r>th.  To  public  librnries  in  this  country,  containing  l[j,000  volumes, 
especially  if  no  other  copies  are  given  in  thesame  place;  and  to  smaller 
libraries  where  a  large  district  wonld  be  otherwise  nnsupplied. 

Gtb.  To  institutions  devoted  exclusively  to  the  promotion  of  particu- 
lar branches  of  knowledge  are  given  such  Smithsonian  publications  as 
relate  to  their  respective  objects. 

Vtb.  The  Annual  Reports  are  presented  to  the  meteorological  observ- 
ers, to  contributors  of  valuable  material  to  tbe  library  or  collections, 
aud  to  persons  engaged  in  special  scientific  research. 

Tbe  most  important  memoir  accepted  during  tbe  year  for  publication 
in  tbe  Smithsonian  Goutributions  is  entitled  "Arch:elogicaI  and  Ethno- 
logical Researches  in  Central  and  South  America,  with  a  Detailed  Ac- 
count of  the  Sculptures  at  Santa  Lucia  Cosnmalwhuapa,"  by  Dr.  Habel, 
of  New  York.  This  gentleman,  having  an  ardent  desire  to  make  an  ex- 
ploration of  the  physical  geography  and  anthropology  of  Central  Amer- 
ica, relinquished  his  medical  practice  in  1802,  and  commenced  a  tour  of 
exploration  in  that  region.  In  the  course  of  seven  years  which  he  de- 
voted to  these  explorations  he  made  collections  in  natural  history  and 
observations  in  meteorology,  topography,  geology,  and  archfcology.  On 
arriving  at  Guatemala  he  made  that  city  bis  lieadqnarters,  from  which 
four  excursions  were  undertaken. 

The  first  was  directed  to  an  unexplored  region  lying  north  of  Guate- 
mala, reported  to  be  inhabited  by  the  Lacandones,  a  tribe  said  never  to 
have  been  subdued  by  Europeans.     On  the  route.  Dr.  Habel  heard  of 
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tLe  teiDiiius  of  two  cities  uear  liabiual,  oue  of  wliicli,  tnelvo  miles  from 
tlie  town,  he  visited.  These  ruius  occupy  Ibe  sutnuits  of  three  hills,  and 
some  of  the  edifices  are  tolerably  well  presi-rvid.  The  most  conspicuous 
one  was  100  feet  long  hy  30  feet  broad.  Its  Uoor  n-as  elevated  four  steps 
above  tbe  gronnd,  and  the  walls  left  staudiug  were  about  G  feet  bigb. 
It  seems  to  have  bad  four  entrances,  one  od  cacb  side.  The  iuterior 
space  was  IS  feet  broad  by  nearly  00  feet  loog.  All  the  buildings  were 
coustructed  of  thiu  slabs  of  mica-gneiss  laid  iu  courses  like  bricks  and 
united  by  n  granular  kind  of  mortar.  The  walls  bad  beeu  plastered  out- 
side and  inside.  On  the  side  of  the  hill  were  found  arrow-heads  and 
spear-points  of  obsidian  and  other  minerals. 

Airiviog  at  Salinas  there  were  found  vestiges  of  the  ancient  popula- 
tion in  a  squared -stone  pyramid,  heaps  of  broken  [lottery,  &c.  A  vo- 
cabulary of  the  E^kschi  language  was  collected.  After  waiting;  a  mouth 
for  a  boat  to  convey  liim  to  his  intended  destination,  he  was  obliged  to 
relinquish  the  attempt  aud  return  to  Guatemala. 

The  second  exploration  was  to  the  borders  of  Mexico,  and  ancient  luius 
were  visited  at  Guequetenango,  Palyub,  and  Saycap. 

Cu  the  third  excnrsiou  tbe  sculptures  of  Copan,  in  Ilondura^,  de- 
sciibed  by  Stephens  and  others,  were  visited.  Those  of  Ouirigua  are 
of  great  archielogical  interest.  These  are  of  various  sizes  and  shapes, 
the  tallest  bein^  of  columnar  form  about  25  feet  high,  while  others  do 
uot  exceed  12  feet.  All  of  them  have  four  sculptured  sides,  Ihe  front 
and  rear  being  the  widest.  The  narrow  sides  of  all  tbe  columnar  mon- 
oliths are  covered  with  hieroglyphics  resembling  those  found  in  Copan. 

The  fourth  excursion  was  undertaken  to  visit  a  newly  discovered  series 
of  sculptures  at  Santa  Lucia  Cosumalbuapa,  the  description  of  which 
forms  the  principal  part  of  this  memoir.  On  tbe  way  to  this  place  very 
interesting  sculptures  were  lound  on  the  plain  near  tbe  Ilacienda  los 
Tarros,  which  exhibit  fine  workmanship  and  represent  human  figures 
in  high  rebef.  They  are  5  feet  9  inches  high,  3  feet  7  inches  broad,  and 
1  foot  8  inches  deep,  standing  on  a  base  10  inches  high. 

Before  describing  the  objects  fouud  at  Santa  Lucia  the  author  gives 
au  account  of  some  other  expeditious.  The  first  of  these  was  to  the  Re- 
public of  Uouduraa,  but  no  archaeological  objects  were  observed.  Vocab- 
ularies and  valuable  information,  however,  were  collected  from  %'arious 
native  tribes. 

A  visit  was  also  made  to  Nicaragua,  where  a  sculptured  figure  was 
seen  ou  the  corner-stone  of  a  house,  and  other  remains  were  found  in 
and  near  tbe  town.  A  grotesque  figure  was  observed  sculptured  on  a 
rock,  forming  the  bank  of  a  brook,  which  is  the  only  instance  of  sculp- 
ture found  by  the  doctor  on  rocks  in  situ. 

A  visit  to  Costa  Kica  did  uot  produce  any  results  of  interest.  The 
largest  field  for  archieological  discoveries  is  considered  by  Dr.  Habel  to 
be  found  in  San  Salvador,  and  an  account  is  given  of  several  sculptures 
and  mounds  be  examined  there. 
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Leaving  CeDtral  America,  Dr.  Habel  visited  parts  of  Colombia,  Ecua- 
dor, au<I  Peru,  which  lie  found  rich  in  architectural  structures  erected 
by  the  ancieut  inliabitatits.  Descriptions  and  measuremeuta  of  some  of 
these  are  given  in  the  memoir. 

The  anther,  however,  ns  we  have  said,  devotes  the  principal  part  of 
this  work  to  a  descriptioD  of  the  monoliths  at  Santa  Lucia  Cosumal- 
linapa,  a  small  town  in  the  Department  of  Esqnin  tla,  near  the  base  of  the 
volcano  del  Fuego,  at  (be  commeDcement  of  the  slope  which  extends  from 
themonntainraage  to  the PaciUc coast.  The  village  isof  comparativelj' 
modern  origin  and  is  in  the  midst  of  an  extensive  orange-grove,  which 
yields  so  abundantly  that  the  fruit  is  almost  given  away,  and  the  great 
nnmtter  of  trees  is  accounted  fur  by  the  cnstom  prevailing  of  planting 
a  tree  by  each  head  of  a  family  at  the  birth  of  each  child.  A  short  tune 
before  the  arrival  of  Dr.  Habel  in  the  country  the  monoliths  Lad  been 
discovered  by  a  man  who,  in  digging  a  field  to  prepare  the  gronnd  for 
planting  cotton,  came  npon  a  targe  pile  of  stones  which,  on  esamiuatiou. 
were  found  to  be  sculptured.  To  make  drawings  of  these  was  no  easy 
task,  for  the  dirt  and  moss  attached  to  them  bad  to  be  removed — a  very 
tedious  work.  To  secure  true  copies  of  the  originals,  strings  were 
stretched  overeachslAb,six  inches  apart,  thus  dividing  them  into  squares. 
The  sketch-book  was  ruled  in  squares  of  half  an  inch,  and  in  each  of  these 
a  copy  of  a  square  of  the  slab  was  drawn,  making  the  drawings  all  oue- 
twelfth  the  linear  size  of  the  original.  The  slabs  form  an  exteuded  heap, 
rendering  it  probable  that  there  are  others  hidden  from  view  which 
.  further  researches  would  reveal.  All  the  sculptures  are  in  low  relief, 
nearly  all  being  in  cava  relievo;  that  is,  surrounded  by  a  raised  border. 
In  seven  instances  the  sculpture  represents,  according  to  the  author,  a 
person  adoring  a  deity  of  a  different  mythological  conception  in  each 
case.  One  of  these  seems  to  represent  the  sun,  another  the  moon,  while 
the  character  of  the  others  it  is  imgossible  to  define.  These  deities  are 
represented  by  a  human  figure,  of  which  the  head,  arms,  and  breast  are 
correctly  portrayed.  Fonr  of  the  other  sculptures  represent  allegorical 
subjects.  The  stones  on  which  the  low  reliefs  are  scalptured  came  from 
the  volcano  of  Ocatenaugo,  and  most  of  them  are  12  feel  in  length,  3  feet 
in  width,  and  2  feet  in  thickness.  Nine  feet  of  the  upper  part  of  these 
stones  are  occupied  by  sculptures,  while  the  lower  3  feet  appear  to  have 
served  as  a  base.  Very  minute  descriptions  are  given  of  each  of  these 
Bcalptares,  and  an  attempt  is  made  by  the  author  to  explain  the  signifi- 
cance of  all  the  emblems,  ornaments,  Bgnres,  &c.,  forming  the  design 
on  each  slab. 

The  author  also  indulges  iu  speculations  as  to  the  origin  and  symbol 
ism  of  the  sculptures,  which  are  ingenious,  novel,  aud  many  of  them 
apparently  very  reasonable,  while  others  will  undoubtedly  be  accepted 
with  much  hesitation,  aud  will  perhaps  be  rejected  as  untenable  by 
students  of  arcbieology. 
The  author  was  invited  to  vittit  Washington,  where  a  room  was  pro- 
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ridcd  for  bitn  at  tbe  iDStiCation  and  the  drawings  of  these  sculptares 
were  reprodnced  by  an  artist  under  bia  persooal  Bapervision  and  cou> 
stant  inatruction,  Ttie  expense  of  the  preparation  of  the  manuscript 
and  illustrations  as  well  as  of  the  publication  has  been  borne  by  the 
Smithsonian  Institntlon.  Tbe  pablication  of  tbe  work  was  recommended 
by  sereral  of  the  leading  arcbieologists  of  tbe  country,  and  in  a  report 
in  regard  to  it  Prof.  W.  D.  Whitney  remarks,  "  It  seems  to  me  a  story 
refreshing  by  its  brevity  and  simplicity,  very  unlike  tbe  pompous  and 
boastfol  way  in  which  such  things  are  often  heralded.  One  may  not 
agree  with  all  tbe  inferences  drawn  at  tbe  end,  but  that  is  a  matter  of 
very  small  importance;  no  two  persons  would  arrive  at  precisely  tbe 
same  conclusions.  So  far  as  I  can  judge,  tbe  Institution  has  every  rea- 
son to  take  pleasure  and  pride  in  tbeissneofsucbacontributiou  to  Amer- 
ican arcbffiology."  The  sculptares  represented  are  of  such  a  remark- 
able character  that  it  has  been  thonght  advisable  to  institute  some  fur- 
ther inquiries  in  regard  to  tbeir  present  condition;  and,  fortnnately,  an 
opportnuity  has  occurred  which  enables  the  Institution  to  do  this 
without  makiug  any  draft  upon  its  income.  The  Gi>verDment  of  Guate- 
mala having  requested  tbe  Government  of  tbe  United  States  to  nomi- 
nate a  competent  geologist  to  make  explorations  of  mines  in  the  former 
country,  tbe  Secretary  of  State  referred  tbe  matter  to  tbe  Secretary  of 
the  Smithsonian  Institution,  who  nominated  Mr.  Arnold  Hague,  who 
bad  been  engaged  on  tbe  survey  of  the  fortieth  parallel  under  Clarence 
King,  a  gentleman  well  qualified  to  discharge  tbe  dnties  intrusted  to 
bim.  He  has  been  requested  to  visit  tbe  region  in  question  and  to  report 
on  tbe  state  of  tbe  sculptares  described  in  the  memoir  of  Dr.  Babel  as 
well  as  on  any  arcbieological  remains  of  interest  which  he  may  meet 
with  in  the  coarse  of  bis  explorations  in  the  country. 

In  previous  reports  a  paper  has  been  mentioned  which  is  the  resnit 
of  tbe  investigations  of  the  late  Prof.  Henry  J.  Clark  relative  to  Jyucer- 
iiaria,  a  class  of  animals  formerly  regarded  as  poli/p»,  but  more  recently 
associated  with  the  acalephcc  or  sea-nettles  and  jelly-fishes.  It  was 
presented  to  tbe  Institntlon  several  years  ago,  but  the  publication 
has  been  delayed  by  a  series  of  unexpected  hindrances.  Mncb  delay 
was  experienced  at  first  in  obtaining  proper  engravings  of  the  very 
minute  and  complicated  drawings  to  illustrate  tbe  work,  and  before  these 
were  completed  the  anthor  was  called  from  this  life,  in  the  flower  of  bis 
ago  and  in  the  midst  of  a  series  of  successful  investigations.  After  bis 
death  it  was  found  difficult  to  obtain  tbe  services  of  a  i>erson  sufficiently 
acquainted  with  the  subject  to  read  the  proof  sheets,  but  during  tbe 
year  tbe  printing  bas  been  commenced  under  tbe  supervision  of  Prof. 
A.  E.  Verrill,  of  Yale  College.  Unfortunately,  another  delay  has  been 
occasioned  by  the  ill-health  of  this  gentleman.  We  hope,  however,  that 
the  work  will  be  completed  in  tbe  course  of  s  month  or  two  and  will  be 
ready  for  distribution  at  an  early  day. 
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Daring  tb«  year  1877,  a  paper  has  been  pabliabed  io  the  "Gontriba- 
tiODB  to  Knowledge"  on  the  "  Internal  strnctare  of  the  earth  considered 
as  affecting  the  phenomena  of  precession  and  Dutation,"  by  GeneraU. 
G.  Barnard,  United  States  Army.  This  is  a  Bnpplementary  article  to 
one  by  the  aame  anthor  published  in  the  nineteenth  volnmeof  Contriba- 
tiODS,  and  was  read  before  the  National  Academy  of  Sciences  at  its  ses- 
sion in  April,  1877. 

For  several  years  past  Mr.  P.  P.  Carpenter,  anthor  of  the  "Lectnres 
on  Mollnsca,"  and  the  "  Mollnsks  of  Western  Korth  America,"  published 
by  the  Institution,  has  been  engaged  in  the  preparation  of  a  monograpfa 
of  the  CkitonidcB,  or  coat-of-mail  shells,  a  remarkable  group  of  shell-fish. 
Ad  appropriation  was  made  in  1877  to  enable  him  to  have  drawings  pre- 
pared of  rare  type-specimens  in  Europe.  We  regret  to  state,  however, 
that  before  his  work  was  completed  Mr.  Carpenter  died  at  Montreal,  on 
tbe24tb  May,  1877.  He  was  the  son  of  tbe well-known  Dr.  Lant  Carpenter, 
and  a  member  of  a  family  distinguished  by  great  gifts.  He  tras  bom  in 
Bristol,  Eugland,  in  1819,  and  after  gradnating  at  the  University  of  Edin- 
bargh  became  a  minister  of  the  gospel.  He  early  manifested  a  taste 
for  natural  history,  particularly  of  the  mollnsks,  which  he  made  bis 
special  study  during  bis  life.  He  presented  to  the  British  Museum  his 
own  collection  of  shells,  consisting  of  8,873  specimens,  all  determined, 
and  many  of  them  described  by  himself.  In  1859  be  visited  America, 
where  he  was  engaged  in  determining  the  collections  of  shells  in  the 
Smithsonian  Institution  and  other  museums.  His  mannscripts  were 
left  in  an  imperfect  condition,  and  partly  written  in  an  obsolete  phono- 
graphic short-band.  An  attempt  at  having  this  short-hand  deciphered 
is  being  made,  by  tbe  help  of  bis  brother,  tbe  Kev,  Knsaell  L.  Car- 
penter, of  Bridport,  England.  A  large  number  of  beautiful  drawings 
of  tbe  shells  and  soft  parts  of  the  various  genera  bad  been  prepared 
at  the  cost  of  the  Institntion,  and  tbe  manuscript,  or  such  portions  of  it 
as  may  be  made  available,  have  been  placed  in  tbe  bands  of  Mr.  W.  H. 
Dall  for  revision,  with  a  view  to  their  ultimate  publication.  It  is 
believed  that  this  monograph  will  form  a  valuable  contribution  to  the 
knowledge  of  the  invertebrate  animals  of  tbe  world. 

In  the  report  for  1875  it  was  stated  that  184  pages  had  been  stereo- 
tyiied  of  the  Botanical  Index  prepared  by  Prof.  Sereno  Watson.  This 
work  is  intended  to  facilitate  the  labors  of  botaniste,  especially  in  tbe 
study  of  the  plants  of  the  western  portions  of  the  United  States,  by 
furnishing  references  to  all  tbe  published  descriptions  of  species  of  the 
flora  of  North  America  with  liste  of  synonyma  The  search  for  what 
has  been  written  frequently  consumes  more  time  and  labor  than  all 
tbe  rest  of  a  botanical  investigation,  and  tbe  present  work  baa  been 
undertaken  at  the  urgent  solicitation  of  some  of  the  principal  botanists 
of  tbe  country,  who  have  also  contributed  to  the  expense  of  its  prepara- 
tioD.    Other  duties  of  Professor  Watson  have  been  so  engrossing  that 
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he  hoB  not  yet  been  able  to  complete  tbis  work.  It  is  now  proposed,  ea 
lecommeDded  by  Professor  Gray,  to  pablisb  the  pages  already  stereo- 
typed, as  part  1,  since  this  will  cover  the  grouod  of  Tolame  1  of  Torrey 
and  Gray's  Flora  of  Nortb  America  and  be  complete  in  itself  as  far  a^  it 
goes.  A  short  preface  will  be  given,  and  at  the  end  an  Index  to  the 
genera.  It  will  include  nearly  500  pages,  and  can  be  printed  and  distrib- 
Qted  early  iu  the  year  1878. 

The  "Toner  Lectures"  have  been  instituted  at  Washington  by  Dr. 
Joseph  M.  Toner,  a  practicing  physician  of  this  city,  who  has  placed 
in  charge  of  a  board  of  trustees,  consisting  of  the  Secretary  of  the 
Smithsonian  Institution,  tbe  Surgeon-General  of  the  Uiiited  States 
Army,  the  Surgeon-General  of  the  United  States  Navy,  and  the  presi- 
dent of  the  Medical  Society  of  tbe  District  of  Columbia,  a  fund,  tbe 
interest  of  which  is  to  be  applied  annually  for  a  memoir  or  essay  rela- 
tive to  some  branch  of  medical  science,  and  containing  some  new  truth 
folly  established  by  ex[>eriment  or  observation.  As  these  lectures  are 
intended  to  iucrease  and  difl'use  knowledge,  the  Institution  has  accepted 
them  for  publication  in  its  series  of  "  Miscellaneous  ColIectioDS."  Tbe 
fallowing  is  a  list  of  the  lectures  already  published : 

1.  On  tbe  structure  of  cancerous  tumors  and  the  modeiu  which  adja- 
cent parts  are  invaded.  By  Dr.  J.  J.  Woodward.  November,  1873. 
a  pp.    8vo. 

2.  The  dual  character  of  the  brain.  By  Dr.  0.  £.  Brown-S^qnard. 
January,  1877.    25  pp.    8vo. 

3.  Straiu  and  overaction  of  the  heart.  By  Dr.  J.  M.  Da  Costa.  Au- 
gust, 1874.    32  pp.    8vo. 

i.  A  study  of  the  nature  and  mechanism  of  fever.  By  Dr.  Horatio 
C.  Wood.    February,  1875.    48  pp.    8vo. 

5.  On  the  surgical  complications  and  sequels  of  tbe  continued  fevers. 
By  Dr.  W.  W.  Keen.    April,  1877.     72  pp.    8vo. 

6.  Subcutaneous  surgery;  its  principles  and  recent  extension  in  prac- 
tice.   By  Dr.  William  Adams.    May,  1877,    20  pp.    8vo. 

Of  the  above  series,  the  second,  fifth,  and  sixth  have  been  published 
during  tbe  past  year.  The  second,  by  Dr.  Brown-S^qnard,  was  not 
printed  in  its  regular  order  on  account  of  the  failure  of  the  author  to 
furnish  the  manuscript  of  the  lecture,  and  it  was  finally  published  from 
shorthand  notes  taken  at  the  time  by  a  reporter. 

Appended  to  the  lecture  of  Dr.  Keen  on  fever  is  a  bibliography, 
including  works  referring  more  or  less  briefly  to  several  diseases,  viz : 
1,  diseases  of  the  joints ;  2,  diseases  of  the  bones  j  3,  diseases  of  the 
larynx;  4,  gangrene;  5,  b^ematomata;  6,  diseases  of  tbe  eye;  7,  phleg- 
masia ;  8,  miscellaueoaa. 

To  defray  in  part  tbe  cost  of  printing  these  lectures,  they  are  sold  at 
25  cents  each. 

The  records  of  scientiflo  discoveries  have  become  so  extended  and 
80  distributed  among  works  forming  whole  libraries,  that  to  become 
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acqDBiDt«d  with  Tbat  is  knowD  in  any  branch,  voald  be  a  labor  of  suclt  . 
magDitade  aa  to  form  a  serions  obstacle  to  tlie  advance  of  knowledge  were 
not  meaos  devised  for  facilitating  this  labor.  Tlie  means  adopted  for 
this  end  are  classified  indexes  of  special  gntijects  in  wbicb  may  be  fouud 
eTerything  of  importance  wbicb  bas  been  published  in  regard  to  the 
snbject. 

The  Boyal  Society's  Catalogae  of  Scientific  Papers  is  a  boon  to  science, 
and  is  of  great  importance  to  every  original  investigator,  bnt  it  is 
arranged  solely  nnder  aathorH*  Dames,  and  contains  only  references  to 
papers  appearing  in  periodicals  published  since  ISOO,  exclading  all  books 
pnblished  separately.  To  supplement  this  the  Institution  has  pub- 
lished dnritig  the  year  an  index  of  books  and  memoirs  relating  to 
nebula  and  star  clnsters,  by  Prof.  E.  S.  Holden,  of  the  Washing- 
ton Observatory.  This  indes  iachides  all  papers,  memoirs,  and  books 
on  nebnlfe  and  clusters  alphabetically  arranged  according  to  aatbors, 
giving,  for  each  reference,  volame  and  page.  Where  the  title  of 
a  book  or  paper  explains  the  subject  of  it,  such  title  is,  in  general, 
alone  given.  Where  a  paper  is  quite  important  its  title  is  given,  and  if 
necessary,  a  note  more  or  less  brief,  expressive  of  its  contents.  The  works 
of  the  elder  Herschel  on  these  subjects  are  analyzed  at  considerable 
length,  in  order  partly  to  supply  the  great  want  of  an  edition  of  his  col- 
lected works.  In  the  case  of  papers  of  minor  interest,  a  reference  to  the 
periodical,  volnme,  and  page  is  alone  given  (no  title),  and  a  note  of  its 
purport.  In  addition  to  this,  there  is  given  a  very  condensed  reference 
to  the  papers  in  each  periodical  consulted.  In  this  way  a  person  con- 
sulting the  catalogue  will  find  all  the  works  of  any  author  upon  the  gen- 
eral snbjeot,  with  brief  notes  of  the  contents  of  each  paper ;  or  again,  any 
person  desiring  to  refer  to  the  various  papers  on  this  subject  contained 
in  any  serial  publication,  as  the  Philosophical  Transactions,  for  example, 
will  find  references  which  will  save  him  much  time.  The  index  is  prac- 
tically complete  to  the  present  date ;  it  contains  a  complete  list  of  all 
pnblished  (and  many  unpublished)  drawings  of  nebula  and  clusters,  and 
also  an  index  to  Sir  William  HerscbePs  classes  of  uebulte. 

In  the  last  two  reports  an  account  was  given  of  a  new  series  of  publi- 
cations to  form  part  of  the  "Miscellaneous  Collections,"  entitled  "Bul- 
letins of  the  National  Museum,''  and  intended  to  illustrate  the  collec- 
tjous  of  natnral  history  and  ethnology  belonging  to  the  United  States, 
of  which  the  Smithsonian  Institution  is  the  custodian.  They  are  pre- 
pared at  the  request  of  the  Institution  by  different  individuals,  and  are 
printed,  by  the  authority  of  the  Secretary  of  the  Interior,  at  the  Govern- 
ment Printing  Office. 

Since  the  date  of  the  last  report,  numi>ers  7,  8,  and  9  of  the  Bulletins 
have  been  published. 

No.  7  is  a  contribution  to  the  Natural  History  of  the  Hawaiian  and 
Fanning  Islands  and  Lower  California,  by  Dr.  Thomas  H.  Streets,  passed 
assistant  surgeon,  United  States  Navy.    The  collection  that  furnished 
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tbe  materials  for  this  Bnlletin  were  made  by  Br.  Streets  while  coDDeot«d 
with  the  North  Pacific  Sorveying  Expedition  id  1873-'75.  The  Fan- 
ning groap  consists  of  four  small  coral  islands,  Christmas,  Fanning, 
Washington,  or  New  York,  and  Palmyra.  Tbey  are  situated  imme- 
diately north  of  the  equator,  extending  from  latitude  1°  57'  north  to  5^ 
49'  north,  and  from  longitude  157°  27'  west  to  162°  11'  west.  Three  of 
these  islands  bare  been  terra  incognita  to  the  naturalist,  and  furnish 
much  new  matter.  This  was  particularly  tbe  case  with  Washington 
Island,  which  is  an  obliterated  atoll,  having  been  lifted  up  by  some 
disturbing  force,  »o  as  to  close  up  the  lagoon-outlet,  and  what  was  the 
old  salt-water  lagoon  is  now  a  fresh-water  lake.  It  is  probable  that  tbe 
salt-water  of  the  lagoon  has  drained  off  through  the  light,  porons  soil, 
and  its  place  been  supplied  by  rain-water.  It  is  unfortunate  that  the 
exigencies  of  tbe  naval  service  did  not  permit  of  a  longer  stay  at  this 
island,  and  especially  that  sufficient  time  was  not  given  to  investigate 
the  life  in  the  fresh-water  lake.  During  the  half  day  which  he  was 
allowed  to  remain  on  the  island.  Dr.  Streets  succeeded  in  fixing  the 
habitat  of  a  lory  [Coripkilus  kuIUi),  which  has  long  been  a  pozzle  to 
ornithologists,  and  he  also  discovered  a  diminutive  species  of  tbe  gad- 
well  duck  inhabiting  the  lake.  The  specimens  of  the  lory  brought 
home  by  Dr.  Streets  are,  it  is  believed,  tbe  only  ones  in  this  conutry; 
and  they  are  exceedingly  rare  in  the  museums  of  Europe.  The  island  is 
densely  covered  tvith  vegetation,  the  cocoanut-palm  tree  predominating. 
Tbe  collection  represents  the  complete  avi-fauna  of  the  groap  during 
tbe  winter  months,  with  two  or  three  exceptions.  A  point  of  interest 
in  connection  with  the  fish  collection  is  that  it  extends  tbe  area  of  dis- 
tribution of  many  species  that  were  previonsly  confined  to  the  East 
Indian  region.  The  conditions  snrrouuding  life  on  the  southernmost 
island  of  tbe  group,  Christmas,  were  generally  found  to  be  very  different 
from  that  on  tbe  others;  and  in  cases  where  it  was  the  same,  the  habits 
of  tbe  species  were  observed  to  be  greatly  modified.  The  notes  accom- 
panying the  names  of  the  sea-birds  are  thongbt  to  be  very  interesting 
in  this  connection.  Purely  land-life,  as  is  natural  to  be  supposed,  is 
very  scantily  represented  on  tbe  islands.  On  Palmyra  there  was  foond 
amiuute  shell,  a  Tomatelliaa,  auA  a  land -leech,  that  fastened  itself  upon 
the  eyelids  of  the  young  birds.  Bats  and  house-dies  are  abundant,  but 
neither  are  indigenous.  In  addition  to  tbe  land-birds  already  men- 
tioned, there  was  also  obser^'ed  on  Washington  a  bird  resembling  a  fly- 
catcher.   Giant  land-crabs  were  numerous  on  tbe  same  island. 

After  the  Portsmouth,  on  which  Dr.  Streets  was  stationed,  had  com- 
pleted the  snrvey  of  the  Fanning  group,  he  was  transferred  to  the 
Karragansett,  which  was  making  a  survey  of  the  west  coast  of  Mexico. 
This  portion  of  the  collection  does  not  pretend  to  be  exhaustive  even 
of  any  one  locality,  the  nature  of  the  work,  a  running  survey,  precluding 
the  idea  of  a  protracted  stay  in  one  place.  The  elucidation  of  some 
doabtfal  points  in  tbe  history  of  two  species  of  birds  and  an  accoant 
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of  tbe  gaano  deposits  in  tbe  Galf  of  California  are  tlie  only  ootewortby 
items  in  connectioD  witli  the  ornithology  of  this  region.  Angel  Island 
in  the  Golf,  was  fonnd  to  be  the  dwelling-place  of  two  extremely  raw 
ArizoDian  reptiles.  In  regard  to  fish,  two  more  species  are  added  to  the 
nnmber  of  those  'that  are  comnioQ  to  both  the  Atlantic  and  Pacific 
shores  of  the  American  continent. 

The  eighth  nnmber  of  tbe  Bulletin  is  an  index  to  the  names  which 
have  been  applied,  previous  to  the  year  1B77,  to  the  subdivisions  of  the 
class  Brachiopoda  exclnding  the  Bodistes,  by  William  H.  Ball,  of  the 
United  States  Coast  Survey.  Tbe  Brachiopods  are  among  the  most 
characteristic  forms  by  which  geological  strata  are  co-ordinated.  Many 
genera  have  been  described  in  little-known  works  by  European  authors, 
and  manyothers  in  obscnre  American  publications.  Mostofthenames  ap- 
plied to  tbesegeneraarednpUcationsof  one  another.  Amencanand  Euro- 
pean anthors  have  been  retarded  in  their  classification  of  the  Brachiopods 
by  this  undigested  synonymy.  Hr.  W.  H.  Dall  has  collected  the  his- 
tory of  all  the  names  which  have  been  applied  to  members  of  this  group 
both  properly  and  improperly,  and  added  notes  on  their  synonymy,  rela- 
tions and  a  geological  table  of  the  strata  in  which  each  group  is 
found.  This  index  affords  tbe  means  for  properly  naming  the  national 
collection  of  these  fossils,  and  it  has  received  the  approbation  of  Mr. 
Thomas  Davidson,  F.  B.  S,,  of  England,  the  highest  authority  living 
on  the  subject  of  Brachiopoda.  It  is  shown  by  this  list  that  of  sisteen 
families  of  Brachiopods,  six  have  living  representatives,  one  more  than 
appear  to  have  been  represented  during  tbe  Cambrian  epoch,  while  but 
two  of  the  Cambrian  families  have  survived.  All  those  living  in  Creta- 
ceous times  have  endured  till  now.  All  now  living  had  Paleozoic  rep- 
resentatives, while  half  the  Paleozoic  families  do  not  appear  to  have 
survived  the  changes  which  introduced  the  Mezozoic  time.  This  work 
is  an  octavo  of  88  pages. 

The  ninth  Bulletin  is  entitled  "  Contributions  to  North  Americaa 
Ichthyology  based  primarily  on  tbe  collections  of  the  United  States 
National  Museum.  Part  I.  Review  of  Baflnesqne's  Memoirs  on  North 
American  Fishes."  By  Prof.  D.  S.  Jordan.  Tbe  object  of  the  anthor  of 
this  paper  is  to  present  a  series  of  identifications  of  the  species  of  fresh- 
water fishes  described  by  Bafinesque  in  his  "  Ichthyologia  Obiensis " 
and  elsewhere,  the  resnlt  of  nearly  three  years  of  field-work  in  tbe  region 
explored  by  Bafinesque.    It  forms  as  octavo  pamphlet  of  53  pages. 

Annual  report. — The  annual  report  of  the  operations  of  the  Institution 
for  the  year  1876,  was  presented  to  Congress  on  the  16th  day  of  Feb- 
mary,  1877,  and  on  the  28th  of  February  a  resolution  was  adopted  by 
Congress  ordering  an  edition  to  be  printed  of  10,500  copies,  of  which 
1,000  were  to  be  for  the  use  of  tbe  Senate,  3,000  for  tbe  House  of  Eep- 
resentatives,  and  6,500  for  the  use  of  the  Institution.  This  was  a  redoc- 
tion  in  the  number  usually  ordered  for  distribution  by  the  Institution  of 
1,000  copies. 
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The  appendix  to  the  report  for  1876  contains  traiislations  of  Arsgo's 
Eulogy  on  Gay-Lussac;  Fialbo's  Biographical  Sketch  of  Dom  Feilio  I; 
Filar  on  tlie  Revolutions  of  the  Crust  of  the  Earth;  and  Bloudel  oa 
Jade }  besides  original  articles  ob  Kinetic  Theories  of  Gravitation,  by 
William  B.  Taylor  j  the  Asteroids  betweeo  Mars  and  Japiter,  by  Prof. 
Daniel  Kirkwood ;  the  Latimer  Collection  of  Antiquities  from  Porto  Bico, 
by  Prof.  Otis  T.  Masou;  Antiquities  in  GuateiniLla,  by  the  Hon.  George 
Williamson;  Collections  of  Historical  Documents  in  Guatemala,  by  Dr.G. 
H,  Beieudt;  Observations  on  the  Frebistoric  Moauds  of  Grant  County, 
WiscoDBin,  by  Mosea  Strong;  Deposits  of  Flint  Implements,  by  Dr.  J. 
F.  Snyder;  Ancient  Mica  Mines  iu  North  Carolina,  by  C.  D.  Smith;  a 
Donble-walled  Earthwork  in  Ashtabula  County,  Ohio,  by  Stephen  D. 
Peet;  an  Ancient  Implement  of  Wood,  by  E.  W.  Ellsworth;  Centennial 
Mission  to  the  Indians  of  Western  Nevada  aud  California;  Indian  Forts 
and  Dwellings,  by  Dr.  W.  E.  Doyle;  and  the  Sioux  or  Dakota  Indians, 
by  Col.  Albert  G.  Brackett. 

ANTHEOPOLOGT. 

Anthropology,  or  what  may  be  considered  the  natural  history  of  man, 
is  at  present  the  most  popular  branch  of  science.  It  absorlra  a  large 
share  of  public  attention  aud  many  original  investigators  are  assiduously 
devoted  to  it.  Its  object  is  to  reconstruct,  as  it  were,  the  past  history 
of  man,  to  determine  his  specific  peculiarities  aud  general  tendencies. 
It  has  already  established  the  fact  that  a  remarkable  similarity  exists  in 
the  archaeological  instruments  found  in  all  parts  of  the  world  with  those 
in  use  among  tribes  still  in  a  savage  or  barbarous  condition.  The  con* 
elusion  is  supported  by  evidence  which  can  scarcely  be  doubted,  that  by 
thoroughly  studying  the  manners  and  customs  of  savages  aud  the  instru- 
ments employed  by  tbem,  we  obtain  a  knowledge  of  the  earliest  history 
of  nations  which  have  attained  the  highest  civilization. 

It  is  remarkable  in  bow  many  cases  customs  existing  among  highly 
civilized  peoples  are  found  to  be  survivals  of  ancient  habits.  Indeed  it 
is  asserted,  and  with  at  least  apparent  truth,  that  every  onmeanin; 
ceremony  found  in  rural  life  in  Europe  and  America,  is  a  survival  of 
an  important  custom  counected  with  an  esseotial  condition  of  life  in  the 
aboriginal  race.  Hence,  to  clearly  apprehend  the  manners  and  customs 
of  modern  society,  it  is  necessary  to  study  them  in  connection  with  the 
myths,  the  ceremonies,  and  the  usages  of  ancient  people. 

American  anthropology  early  occupied  the  attention  of  the  Smithson- 
ian iDstitution.  To  collect  all  the  facts  which  could  be  gathered  in  regard 
to  the  archaeology  of  North  America,  and  also  of  its  ethnology,  or,  in  other 
words,  an  account  of  its  present  Indian  inhabitants,  was  considered  a 
prominent  object  in  the  plan  of  operations  of  the  establishment.  The 
first  volume  of  its  Contributions,  whereby  its  plan  of  intended  operations 
was  illustrated,  consists  of  an  elaborate  and  expensive  work  on  the 
"Ancient  Monuments  of  the  Mississippi  Valley";  and  from  the  time  of 
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tbe  pablicatioQ  of  tbis  volnme  uotil  the  preseot,  contiibutioDS  of  ralae 
have  been  made  anunally  by  the  Inatitntion  to  tbis  branch  of  knowledge. 

Dariog  the  past  year  small  appropriations  were  made  as  usual  for 
opeoing  monuds  and  collecting  their  contents,  and  larger  ones  to  Mr.  F. 
A.  Ober,  for  archfeological  explorations  in  tbe  West  Indies,  and  Stephen 
Bowers  for  similar  operations  in  California.  Tbe  former  gentleman  has 
sncceeded  in  finding  remnants  of  the  ancient  Carib  tribes,  and  has 
obtained  photographs  of  the  people  and  specimens  of  their  handiwork. 
His  exploration  bids  fair  to  produce  a  valuable  return  for  tbe  money 
expended.  It  is  not  confloed  to  ethnology,  but  embraces  collections  in 
all  branches  of  oatural  history. 

Tbe  exploration  by  Mr.  Bowers  was  a  continuation  of  one  andertaken 
in  connection  with  Major  Powell,  and  was  made  in  tbe  vicinity  of  Santa 
Barbara  and  on  tbe  islands  adjacent  to  Lower  California.  From  this 
exploration  forty  boxes  of  very  interesting  relics  of  tbe  ancient  inhabit- 
ants of  tbis  country  have  been  received.  A  fall  report  of  these  will  be 
prepared  by  Major  Powell.  The  entire  series  of  objects  obtained  become 
the  property  of  the  National  Museum. 

As  will  be  seen  from  tbe  exhibit  of  the  executive  committee,  the  whole 
amount  of  money  devoted  to  explorations  during  the  year  is  $879.50. 

Tbe  collection  of  the  archieology  and  ethnology  of  America  in  the  N'a- 
tional  Museum  is  the  most  extensive  in  the  world;  and,  in  order  to  con- 
nect it  permaoeotly  with  the  name  of  Smitbson,  it  has  been  thought 
advisable  to  prepare  and  publish  at  the  expense  of  the  Smitbson  fund 
an  exhaustive  work  on  American  anthropology,  in  which  tbe  various 
classes  of  specimens  shall  be  figured  and  described. 

For  this  purpose  Mr.  Charles  Ran,  formerly  of  New  York,  well  known 
for  bis  contributions  to  American  archaeology,  has  been  employed  to 
take  charge  of  tbe  work,  with  the  assistance  of  skilled  artists.  He  ia 
furnished  with  rooms  in  the  building,  and  now  devotes  one-balf  of  the 
time  to  the  arrangement  of  tbe  arcbteological  musenm,  and  the  other  to 
tbe  description  of  tbe  specimens  and  the  direction  of  tbe  artists  engaged 
in  delineating  them. 

Tbe  InstitatioQ  has  also  lately  entered  upon  a  project  it  has  long  bad  in 
contemplation,  namely,  the  compilation  of  a  map  of  tbe  distribution  and 
character  of  tbe  arebseologieal  remains  of  North  America.  The  prelimi- 
nary arraDgements  for  tbis  work  have  been  intrusted  to  Prof.  Otis  T. 
Mason,  of  Oolambian  University,  who  has  prepared  a  circular  which  wil 
Boon  be  published  by  the  Institution. 

In  tbe  last  report  it  was  stated  that  tbe  large  collection  of  Indian 
TOcabularies  in  possession  of  tbe  Institution  had  been  transferred  to 
Prof.  J.  W.  Powell,  to  be  incorporated  with  his  series  in  his  general 
work  on  the  ethnology  of  the  Territories  of  the  TJuited  States  in  coarse 
of  preparation  and  publication  by  tbe  Interior  Department.  What  baa 
been  accomplished  daring  the  past  year  in  relation  to  this  work  will  be 
seen  in  Professor  Powell's  account  of  bis  explorations,  given  in  the  ap- 
pendix to  the  report  of  the  Secretary. 
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Beference  was  made  ia  tbe  last  report  to  the  "  lustractions  for  reseaiclk 
TdfttiTe  to  the  ethnology  and  philology  of  America,"  prepared  in  1S6L 
by  Dr.  George  Gibbs,  and  the  fact  was  stated  that  a  new  edition  of  this 
work  had  been  nndertakon  in  behalf  of  tbe  Institntion  by  Professor 
Fowell.  DnriDg  tbe  year  1877,  a  volume  entitled  "Introduction  to  the 
Study  of  Indian  Languages"  has  been  printed,  and  a  few  copies  dis- 
tributed among  those  interested  in  the  study  of  Indian  languages  for 
sack  additions  and  emendations  as  may  be  SQggested  preparatory  to 
final  publication.  In  its  preparation  Professor  Powell  was  assisted  by 
Prof.  W.  D.  Whitney,  the  distinguiabed  philologist. 

METEOROLOGY. 

The  Institution  daring  the  past  year  has  continued  its  labors  in  tbe 
line  of  the  reduction  of  meteorological  observations.  It  has  been  espe> 
cially  engaged  in  the  discnssion  of  material  for  a  new  edition  of  the  Rain- 
fall Tables  for  Xortb  America.  It  has  also  reduced  and  printed  the  ob- 
servations made  by  Professor  Caswell  at  Providence,  from  the  termina- 
tion of  bis  series  of  meteorological  observations  published  in  ISCO  down 
to  tbe  close  of  1S7G,  the  whole  maliiog  a  continaous  scries  for  a  period  of 
forty-five  years.  Long  series  of  this  kind  are  of  great  importance  in  de> 
termining  any  change  of  climate  which  may  have  occurred  during  the 
period  which  they  embrace. 

We  mention  in  regard  to  this  series  an  interesting  fact  in  connection 
vith  the  supposed  change  in  the  rain-fall  in  different  parts  of  the  United 
States  due  to  the  clearing  off  of  forests.  If,  for  example,  we  take  from 
tbis  series  three  ten-year  periods,  one  at  the  beginning,  one  at  the  middle, 
and  one  at  the  end,  we  observe  a  regular  increase  instead  of  diminution 
in  the  amount  of  rain-fall  in  Providence,  as  shown  by  the  following 
figures: 

From  1832  t«  1841,  average  3S  inches. 

From  1852  to  ISCL,  average  44  inches. 

From  18C7  to  1S7G,  average  49  inches. 

This  fact,  however,  may  be  in  some  way  connected  with  tbe  custom 
Trhich,  I  am  told,  has  become  common  in  Kew  England  since  tbe  inhab- 
itants have  devoted  themselves  largely  to  manufactures,  of  allowing  a 
considerable  portion  of  tbe  soil  which  was  formerly  under  cultivation  to 
grow  up  in  wood. 

The  next  series  of  observations  which  remains  to  complete  the  results 
of  the  whole  meteorological  system  of  tbe  Smithsonian  Institution  will 
1)6  that  on  the  pressure  of  the  atmosphere,  which  is  intimately  con- 
nected with  tbe  dominant  winds  in  different  parts  of  tbe  country. 

Tbe  miscellaneous  work  by  the  meteorological  computers  of  the  Insti- 
tution during  the  year  1877,  is  as  follows: 

1.  Tabulating  the  mean  temperature  and  the  maxima  and  minima  of 
temperature  for  the  Smithsonian  stations  for  the  years  lS71-'72-'73. 

2.  Tabulating  rain-fall,  temperature,  and  maxima  and  minima  for 
Canadian  stations,  1S75. 
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3.  TalmlatiDg  rain-Ml  for  Signal-Service  stations,  January,  1875,  to 
Jnly,  1876. 

4.  Makiog  corrections  and  additions  to  rain-fall  inanascript. 

5.  Making  indices  to  tlio  rain-fall  and  maxima  and  minima  tables. 

TELEGEAPHIC  AMN0UNCE5IENT   OP  ASTEONOMICAL  DISCOVEEIES. 

The  arrangement  wtaiuli  was  establisbed  between  the  Smithsonian  I:i- 
stitntioQ  and  the  Atlantic  cable  companies  in  1S73,  by  which  free  tele- 
graphic transmission  of  astronomical  discoveries  was  granted  between 
Earope  and  America,  has  been  oontiuned  during  the  past  year. 

The  following  is  a  list  of  the  small  planetoidal  bodies  discovered  in 
1877: 


Haialier. 

n™.. 

^'™'-i 

A- 

Jan.  10,1CT7 

Aug.  B.1677 
Sept  9,1m 

P»rT«lin 

1  T      , 

P«nl  Henry 

Deo.  39,  isn 

KoTE.— £uiHn  (1411  na  Independeally  diaooTsnil  b;  Wataon  and  Borelly  in  Aagast,  uid  Alhir 
(Ifil)  bj  Faliaa  In  OcUbcc. 

EXCnANGES. 

The  literary  and  scientific  exchanges  inangnrated  by  the  Institution 
have  increased  during  the  past  year  in  a  greater  ratio  than  ever  before. 
Four  hnndred  and  sis  boxes,  averaging  7  cubic  feet  each,  with  a  total 
weight  of  nearly  100,000  pounds,  and  containing  over  15,000  separate 
parcels,  were  sent  abroad  by  the  Institution.  During  the  year,  4,870 
packages,  each  containing  several  articles,  have  been  received  from 
abroad  for  distribution  in  this  country. 

To  show  the  high  estimation  in  which  this  branch  of  the  operations 
of  the  iDstitotion  is  held,  as  well  as  to  give  proper  credit  to  the 
parties  who  forward  free  of  charge  the  packages  of  the  Institution,  we 
republish,  as  nsual,  the  following  list : 


Nen  York  and  Brazil  Steamahip  Company. 
Kortb  QeniKui  Lloyd  SteBmBhipCompaDj, 
HambDrit  American  Piicket  Company. 
North  Baltio  Lloyd  Stoamahip  Company. 
Inmau  Stoamsbip  Company. 


Con&rd  Steamship  Company. 
Anchor  SUaDiahip  Company. 
Pacific  Mail  SteamBhip  Company. 
Panama  Ballroad  Company. 
Pacific  Steam  Navigation  Company. 
New  Toik  and  Mexico  Steamsb  ip  Company , 

The  Special  thanks  of  the  Institation  are  again  tendered  to  the  above- 
mentioned  companies  for  their  enlightened  liberality. 

We  may  also  mention  as  an  evidence  of  the  high  appreciation  of  the 
character  of  the  Smithsonian  exchanges,  that  the  packages  bearing  tbo 
marks  of  the  Institution  are  admitted  free  of  duty  into  all  foreign  ports 
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The  following  are  the  principal  foreign  agencies  of  reception  and  dis- 
tribntion  of  tlie  SmitbsouiaD  excfaauges: 

London,  William  Wesley,  28  Essex  street,  Strand. 

Paris,  G.  Bossange,  16  Rue  da  i  Septembre. 

Leipsio,  Dr.  Felix  Fliigel,  49  SidoDien  Strasse. 

St.  Petersbarg,  L.  WatkiQS  &  Co.,  10  Admiralty  Place. 

Amsterdam,  Frederick  Miiller,  Heerengracbt  KK.  No.  130. 

Milan,  D".  Hoepli,  501  Galeria  Oristoforia. 

Harlem,  Professor  von  Baumbauer. 

OhristiftDia,  Boyal  Uuiversity  of  Norway. 

Scockbolm,  Boyal  Snedisb  Academy  of  Scleueea. 

Copenbageu,  Boyal  Danisb  Society. 

Lisbon,  Polytecbnic  School. 

Madrid,  Boyal  Academy  of  Sciences. 

Havana,  Dr.  Felipe  Poey. 

Santiago,  University  of  Chili. 

Mexico,  Mexican  Society  of  (i^graphy  and  Statistics. 

Montreal,  Geological.  Survey  of  Canada. 

The  packages  of  the  Institution  for  the  West  Indies  have  been  kindly 
forwarded  by  Mr.  Thomas  Bland,  of  New  York,  and  those  for  Turkey, 
by  Messrs.  Ghrysoveloni  &  Co.,  of  &  Fenwick  street,  Liverpool,  England; 
and  tbose  for  other  points  in  the  East,  by  the  American  Board  of  Com- 
missioners foe  Foreign  Missions,  Boston. 

Tbe  following  table  exhibits  the  number  of  foreign  establishments 
with  which  the  Institution  is  at  present  in  correspondence,  or,  in  other 
words,  to  which  it  sends  pablications  and  from  which  it  receives  others 
in  return. 

Foreign  institutions  in  correspondence  with  the  Smithsonian  Institution. 


Algeria 

6 
14 
32 

Italy 

Japw 

Java 

10 

Norway 

Philippine  lelanda 

Polynoaia 

Portnjtal 

3 
29 

Denmuk 

Spain 

Ecuador 

Egypt 

Frwioo 

1 

8 
327 

Sweden 

Switzerland 

Torkej 

8 
65 

4 
30 

Holland 

India 
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im. 

IBJO. 

1871. 

im. 

ira. 

181*. 

lajj. 

181^ 

1877. 

aslais 

3i:J^ 

^h 

a,,b 

I.J™ 

ar.KBO 

(sisoo 

a,  281 

80,7S0 

To  facilitate  the  basiDess  of  tbe  excbaDges,  tlie  following  rules  have 
been  adopted : 

1.  Every  paclcage,  witboat  exception,  must  be  enveloped  in  strong 
paper,  and  secured  so  as  to  bear  separate  transportation  by  express  or 
othern-ise. 

2.  The  address  of  tbe  institution  or  individual,  for  whom  tbe  package 
is  intended,  mast  be  written  legibly  on  the  cover,  and  the  name  of  the 
sender  on  one  corner  of  tbe  same. 

3.  No  single  package  must  exceed  half  of  a  cnbic  ftmt  iu  bulk. 

4.  A  detailed  list  of  addresses  of  all  tbe  parcels  sent,  with  their  con- 
tents, mast  accompany  them. 

5.  Xo  letter  or  other  commuuication  can  be  allowed  in  the  parcel, 
excepting  such  as  relates  exclusively  to  the  contents  of  the  package. 

6.  All  packages  must  be  deli  vered  in  Washington  free  of  freight  and 
other  expenses. 

7.  Every  parcel  should  contain  a  blank  acknowledgment,  to  be  signed 
and  returned,  either  through  tbe  agent  of  the  Institation,  or,  what  is 
still  better,  through  Ibe  mail,  to  the  sender. 

Should  returns  be  desired  for  what  is  Bent,  the  fact  sboald  be  ex- 
plicity  stated  on  the  list  of  the  contents  of  the  package,  as,  unless  these 
are  specifically  asked  for,  they  will  fail  in  many  instances  to  be  made. 

Specimens  of  natural  history  will  not  be  received  for  transmission 
unless  with  a  previous  understanding  as  to  their  character  and  bulk. 

8.  Cnlees  all  these  conditions  are  complied  with,  the  parcels  will  not 
be  forwarded  from  the  lastitntion ;  and,  on  tbe  failure  to  comply  with 
the  first  and  sec  ond  conditions,  will  be  returned  to  the  sender  for  cor- 
rection. 

A  new  edition  of  the  list  of  foreign  correspondents  of  the  Institution 
is  DOW  in  press  and  will  be  distributed  to  libraries  &c,  in  tbe  coarse  of 
a  few  weeks. 

EXCHAJIOB  OF  GOTERNMENT  DOCUMENTS.— In  the  report  for  1875  a 
fall  account  was  given  of  the  system  adopted  for  carrying  out  the  law 
relative  to  tbe  exchange  of  the  official  pablications  of  the  United  States 
Government  fortbose  of  foreign  nations.  In  accordance  with  this  system, 
during  the  past  year,  71  boxes  of  documents  were  forwarded,  the  follow- 
log  being  a  list  of  the  distribution : 
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International  exchange  of  government  publications  in  1877. 


Canada 2 

Portugal 2 

PrDBsia S 

QneeDalaod S 

Saxony 2 

Scotland 3 

Spain 2 

Sonth  AnBtralia 2 

Sn-eden 2 

Switzerland 2 

TasniAuia 2 

Turkey 2 

Venezuela 3 

Victoria 2 


AneatlDe  Bepoblio 3 

Belgium 3 

Bratil 2 

Baenoa  Ayrea 2 

Chili 2 

England 2 

France 3 

Germanj 2 

Hayti  ..".;^"'.."".""I;l*^.'!!l.'""!!!  3 

Holland S 

Japan 2 

Mexico 2 

New  Sonlli  Wales 2 

New  Zealand 2 

Norway 2 

Ontario 2 

The  espease  of  boxing,  packing,  transporting,  and  pajmeut  of  agents 
iu  connection  with  the  transmission  of  ttiese  govemmea  t  douuments 
has  been  advanced  for  two  years  by  the  Institution,  bat  it  is  expected 
that  Congress  will  reimburse  it  by  an  appropriation  at  the  present  aes> 
sioD. 

LIBRABT. 
Statement  of  the  books,  maps,  and  charts  received  by  the  Smitltsonian  Jnsti- 


Total.. 


..n 


Octavo,  0 
Quarto,  0 


Parts  of  Tolames : 

Octavo,  or  leas 1, 954 

Quarto,  or  larger 2, 373 

4, 327 

Pamphlets : 

Octavo,  or  less 1, 754 

Quarto,  or  larger. 430 

2,184 

Maps  and  charts 32C 

Total 8, 7;;8 

Ad  increase  of  1,14L  over  the  year  1S76. 

List  of  the  more  valuable  booJcs  received  in  1877. 

From  the  British  Musenm,  LoDdon  :  Fac-simile  of  an  Egyptian  Hiera- 
ticPapyras,ofthereignofRan]e3e3l]I.  London,1876.  Oblong  Elephant 
folio.— Fac-similes  of  Ancient  Charters.  Parts  ii,  iii.  1876-1877. 
Folio.— Catalogue  of  Sanskrit  and  Pali  books.  By  Dr.  E.  Haas.  1876. 
4to.— Catalogue  of  Oriental  Coins.  Vol.  ii.  1876.  8vo.— Catalogue  of 
Greek  Coins.    Sicily,  1876.    8vo.— Catalogue  of  the  Fossil  Eeptilia  of 
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Soath  Africa.  By  H.  Owon.  187G.  8ro.— Catalogue  of  Birds.  Vol. 
iii.     1877.    8vo. 

From  the  Koyal  Society  of  Northern  Antiquaries,  Copenhagen  :  An- 
ti4)uit£s  Uasses  d'apr^s  les  MonameDts  bistoriques  des  Islandais  et 
des  anciens  ScandiDaves.  Vols,  i,  ii.  CopenhageD,  1850-1852.  Folio. — 
Aarlwyer  tor  1875-1876.     7  parts.    Svo. 

From  ttie  Koyal  Prussian  Mininj;  OfBce,  Breslan:  Geologie  von  Obcr- 
schlesien,  witb  atlas,  charts,  and  profile.  Breslau,  1S70.  4to.  (8 
copies.) — Uebersicht  iibcr  die  Production  dcr  Bergwerke,  Salinen  nud 
Hiitten  im  Preuss.  Staate  im  Jnhre,  1S7G.  Berlin,  1877.  4to. — Mon- 
tanstatistik  des  dentscben  Beiclis  nnd  Lusemburgs,  &c,  187u.  Berlin, 
1877.  4to. — Vierteljahrshefte  zar  statistik  des  deutscbea  Kcichs  liir  das 
Jabr,  1ST3.    Bedio.    4to. 

From  the  General  Direction  of  tbe  Koyal  Collections  of  Art  and 
Science,  Dresden :  Das  Griiue  Getvolbe  za  Dreadeu.  Hundert  Tafeln  in 
Lichtdruck, eatbaltend  gegen  300  gegcnstiinde  ans  den  verscbicdensten 
Zweigen  der  KansMndustrie,  nacb  Prof.  Graff,  Director  der  lidoigl. 
Knust-Gewerbschule  zu  Dresden.  Berlin.  Folio. — MittUeilnngeu  aus 
item  K.  Zoologischen  Museum  za  Dresden,  ii.  Dresden,  1877.  4to. — 
Arcbiv  fiir  Litteratnrgescbiclite,  1877.    3  parts.    8ro. 

From  the  Royal  University  of  Norway,  Christiauia:  Die  Pdanzen- 
welt,  Norwegens.  Yon  Dr.  F,  C.  Schubeller.  Specieller  theil.  Chns- 
tiania,  1875.  4to. — Die  Slfandinaviske  og  Arktiste  Amphipoder,  besk- 
revoe  af  Axel  Boeck.  Christlania,  1S7C.  4to. — Enumeratio  lusectonim 
Norvegicorum.AuctoreH.  Siebke.  i-iv.  Gbristiania,  1874-1S77.  8vo. — 
Die  Kircbe  zn  Hitterdal,  in  10  Blattern.  Dresden,  1837.  Folio.— Aars- 
beretnrlnfj,  1872, 1873, 1874, 1875.  Ohristiania.  Svo.— Hcilagra  Manne 
Stignr,  Udgivne  af  Dr.  C.  R.  Unger.  Ghristiania,  1877.  Svo. — Pos- 
tola  Sognr.     Udgivne  af  C.  K.  Unger.    Chistiania,  1874.    8vo.— Norges 

Mynter  i  Middelalderew  af  0.  I.  Schive.    Christlania,  1865.    Folio 

Norske  Eigsregistranter,  1628-1631.  Ohristiania,  1874.  Svo.— And  8 
volames  and  14  pamphlets  of  university  publications. 

From  the  Imperial  Arcfateological  Commission,  St.  Petersburg : 
Oomptes-Kenda,  1872, 1873,1874.  St.Peter8burg,  1875-1877.  4to.  with 
folio  Atlas. 

From  tbe  Boyal  Zoological  Society,  Amsterdam :  Jaarboekje,  1852, 
1853,  1855-1870,  1872-1875.  Amsterdam.  (22  vols.)— Nederlandsch 
Tijdschrift  von  de  Dlerkunde.  Vols,  ii,  iii,  iv.  Amsterdam,  1865-1873. 
Svo. 

From  tbe  South  Kensington  Maseam  :  Science  and  Art  Department, 
London  ;  Descriptive  Catalogue  of  the  Maiolica,  Eispano-Moresco,  Per- 
Rian,  Damaecus,  and  Bhodian  Wares,  in  the  Sontli  Kensington  Mnseum. 
1873.  8to. — Descriptive  Catalogue  of  Bronzes.  1870.  Svo. — A  Descrip' 
tion  of  the  lonies,  Ancient  and  Mediioval,  in  the  SonCh  Kensington  Mu- 
senm.  1872.  Svo. — ^Textile  Fabrics  in  the  South  KeusiDgtou  Museum. 
3870.    Svo. — Ancient  and  Modem  Furniture  and  Woodwork  in  the  Sooth 
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KensingtoDMaseum.  1874.  8to. — Catalogue  of  the  Special  Exhibitlouof 
Works  of  Art  on  Loao.  1863.  8to.— The  First  Proofs  of  the  TJaiverBal 
Catalogue  of  Books  oa  Art.  Vols,  i,  ii,  aad  sapplemeot.  1S70-1875. 
ito.— Universal  Art  Inventory.  Parts  i,  ii,  ill,  1868-187a.  8vo.— Cata- 
logue of  Italian  Sculpture,  by  J.  C.  Bobinsou.  1862.  Svo. — Descriptive 
Catalogue  of  Musical  Instruments  in  the  South  KeuBingtoa  Museum. 
1874.  8vo. — Historical  Collection  of  Wat«r-color  Paintings  in  the  South 
Kensington  Museum.  1876.  Svo. — Catalogue  of  Enamels  on  Metal. 
Illustrated.  1875.  4to.— Illustrated  Catalogue  of  Jubinal's  Collection 
of  Ancient  Cutlery.  1874.  ito. — Illustrated  Catalogue  of  Electrotype 
Beproductions  of  Works  of  Art.  1873.  4to. — Drawings  of  G-lass  Cases 
in  the  South  Eensingtou  Museum,  with  Suggestions  for  the  Arrange- 
ment of  Specimens.  1877.  4to. — Special  Loan  Exhibition  of  Decora- 
tive Art  Needle-work  made  before  1800.  1874.  4to.— Catalogue  of  An- 
cient Mnsical  Instruments.  1872.  4to. — Catalogue  of  Exhibition  of 
National  Portraits.  1866,  1867,  1808.  London,  8vo.— Catalogue  of 
Special  Exhibition  of  Portrait  Miniatures.  1865.  Svo. — Objects  of 
Indian  Art.  1874.  8 vo.— Monuments  of  Early  Christian  Art.  1872. 
dvo. — A  Description  of  the  Trojan  Column,  by  J.  Buugerford  Pallen. 
1874.    Svo. — And  65  volumes  of  catalogues,  lists,  &c. 

From  the  British  Government:  Beport  on  the  Antiquities  of  K3.thiawad 
and  Eachb,  being  the  result  of  the  second  season's  operations  of  the 
ArchsBological  Survey  of  Western  India,  lS74r-'75.  By  James  Burgess. 
London,  187S.    4to. 

From  Gapt.  John  Ericsson,  Kew  York:  Contrihutions  to  the  Centen- 
nial Exhibition,  by  John  Ericsson,  LL,  D.    Kew  York,  1876.    4to. 

From  the  Ministdre  de  I'lostraction  Publiqne  et  des  Beans-Arts, 
Paris:  Denderah;  Description  g^nSrale  du  Grande  Temple  de  cette 
ville,  par  Anguste  Mariette  Bey,  i-vi.  Paris,  1S70-1875.  Folio. — Cata- 
lognedetaBiblioth&qneKatioaale.  Histoire.  Tomex.  M^decina  Tome 
iL  Paris.  1S70-1873.  4to. — Nouvelle  Archives  du  Museum  d'Histoire 
Katurelle.  Vol.  iv,  pt.  4;  vols.  v-x.  Paris,  1868-1876.  4to.— Mona- 
ments  divers  recaeillis  en  Egypt  et  en  Nubio.  Livr.  1-24.  Paris,  1872. 
Folio.— Etudes  Egyptologiques.  Livr.  1-7  and  9.  Paris,  1873-1877. 
4to.^-M€langes  d'Arch^ologie  Egyptienne  et  Assyrieune.  Livr.  1-8. 
Paris,  1872-1876.  4to. — ^Inventaire  des  Manuscrits  Fran$ais  de  la  Bib- 
liothdqne  Katiouale.  Tome  i.  Theologie.  Paris,  1870.  Svo. — Bapports 
Bar  le  service  des  Archives,  de  la  Bibliotb6que  Katiouale  et  des  Missions. 
1876,  Paris.  Svo. — MauuscritTroano.  Tomes  i,  ii,  and  supplement,  1869, 
1870.  4to. — Travaux,  Instruments  et  Machines  Agricolefi,par  M.  H.  Man- 
gou.  Text  and  atlas.  Paris,  1875.  4to. — Statistique  Monumentale  de 
Paris.  Livr.  30-30  and  text.  Paris,  1807.  Folio.— Becueit  de  Dipldmes 
Militairea  i.  Paris,  18T0.  4to. — ExamendesTarifsdeDouane.  Paris, 
1876.  4to. — Becueil  des  Gbartes  de  I'Abbaye  de  Gluny.  Tome  i.  Paris, 
1870.  4to. — Monograpbie  de  la  Oathddrale  de  Chartres.  Atlaa.  Livr. 
6-9.    Paris,  1853-1865,    Imp,  folio.— Koavelle  G^ographie  Universelle, 
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par  Elifi^  Beclus.  Tomes  i,  ii.  Paris,  1876,  1877.  8to.— Bapport  an 
Ministredd  laMariDerelatif  ikl'cBstr^icultnre.  Paris,1877.  Svo. — Statis- 
tiqae des  P^cfaes  Maritimes,  1875.  Paris,  1876.  Svo. — La  Ohalear  aolairo 
et  ses  applicatioDS  iodustrielleB,  par  A.  Moachot.  Faiis,  1809.  8vo.-> 
Situation  AdmiaistraUve  des  Monts-de-Pi^t^.  Paris,  1876.  Svo. — ^R6- 
paratioD  des  Dommages  r^nltant  de  I'Invasion.  Paris,  1876.  4to. — 
Enqaete  snr  les  Bureaax  de  Bienfaisance.  Paris,  1874.  4to. — Vo* 
yage  Gfologique  dans  les  B^pabliqnes  de  Qaatemala  et  de  Salvador. 
Paris,  1868.  Ito. — Rapports  sar  I'Esposition  Uniyersello  k  Vienae  oa 
1873.  Tomes  i-v.  Paris,  1875, 1876.  8to.— Les  Progrfes  de  la  Photo- 
graphie,  par  A.  Itavanne.  Paris,  1877.  8vo. — Bappori)  sar  la  Mission 
des  Chotts.  Paris,  1877.  Svo. — Konvelle  Navigation  Astronomiqae. 
Th6oria    Pratiqne.    Paris,  1877.    8vo.— (2  vols.) 

From  Dr.  W.  Engelmann,  Leipzig:  Aristoteles  Werke.  Vols.  i-v. 
Leipzig,  1853-1874.  Svo.  Morphologisches  Jahrbuch.  Vols.  i,ii;  vol. 
ili,  pt8.1-3.  Leipzig,  1875-1877.  Svo. — JabrbilcberfiirwisseDScbaftliche 
Botanik.  Vols,  iv,  vi-xi.  Leipzig,  1865-1877.  Svo.— Zeitschrift  fiir  wis- 
Benscbaftliche  Zoologie,  1856-1875.  Leipzig.  Svo.  (58  parts). — Die 
HeUceen,  von  J.  G.  Albers.  Leipzig,  1861.  Svo. — Lebrbach  der  Botanik, 
von  Dr.  J.  Saebs.  Leipzig,  1874.  Svo.— Die  Spongien  des  Adriatiscben 
Meeres,  Ton  Dr.  O.  Schmidt  and  Suppl.  1-3.  Leipzig,  1863-1863.  4to.— 
Spongien  Faana  dea  Atlaotiscben  Grebietea,  von  Dr.  O.  Schmidt.  Leip- 
zig, 1870.  4to.— HandbnchderZoologie.  Yola.i,it.  Leipzig,  I863-186S. 
Svo.^ — Bibliotheoa  Entomologica.  Vols,  i,  ii.  Leipzig,  1863, 1863.  Svo. — 
JabresbericbC  der  im  Oebiete  der  Zootomie  erscbieuenen  Arbeiten,  von 
J.  V.  Caras.  Leipzig,  1856.  Svo. — Die  Silsswasserfiscbe  der  Oestreich- 
ischen  Monarchie,  von  J.  Heckel  and  Dr.  R.  Kner.  Leipzig,  185S. 
Svo. — TTotersDCbnngen  iiber  Pteropoden  nod  Heteropoden,  ron  Dr.  G. 
Qegenbaner.  Leipzig,  1865.  4to. — Gatalogas  Plantamm  Cubensinm, 
TOD  A.  Orisebacb.  Leipzig,  1866.  Svo. — System  der  Thieriscben  Mor- 
phologie,  Ton  Dr.  J.  Y.  Carna.    Leipzig,  1853.    And  varions  pamphlets. 

From  the  Minister  of  Education,  Tokio,  Japan :  34  charts  for  object- 
teaching,  and  38  Japanese  text-books. 

From  G.  de  Kanfman,  Oovenior  Oeneral  of  Tnrkistan,  a  collection  of 
photographs  of  the  races  of  mankind  inhabiting  the  Bassian  possessions 
in  Geotral  Asia,  prepared  for  the  exhibition  of  the  last  International 
Congress  of  Orientalists. 

From  the  Academie  do  Montpellier :  Facnlt^  de  M^decine.  Tb^s  de 
MontpelUer.     1870-1875.    Montpellier,  47  volomes.    4to. 

From  the  Spanish  Centennial  Commission,  Philadelphia:  Goleccion 
de  Docamentos  in^ditos  del  Arcbivo  General  de  la  Corona  de  Aragon. 
Vols,  l-xzxix.  Barcelona,  1853-1871.  8to. — Memorias  de  la  Academia 
de Cienciasde  Madrid,  vol.  i;  Tol.ii,pt.2;  Tol.iii-vi.  Madrid,  1850-1865. 
4to. — Memorias  de  la  Beat  Academia  de  Ciencias  Morales  y  Politicas. 
Yo]8.i,ii.  Madrid,  1861-1867.  4to. — DisonrsosdoHecepcionydeGontest- 
acioD  Leidos  ante  la  B.  Academia  de  Ciencias  Morales  y  Politicas,  1860- 
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1875.  Madrid,  1875.  8vo. — Discarsos  Leidos  en  la  Real  Academia  de  la 
Historia,  1852-1875.  Madrid.  8vo. — Cortes  de  Leon  y  de  Gastilla.  Vols, 
i-iii.  Itladrid,  1861-1806.  4to. — Historia  de  la  Universidad  de  Granada. 
Granada,  1870.  8vo — Farmacopea  Espauola.  Madrid,  1865.  8vo. — 
AutiqiledadesprebistoricaBde  Andalucia,  Madrid,  1868.  8vo. — Estudo 
social  J  politico  de  los  Madejares  de  Castilla.  Madrid,  1866.  4to. — Estn- 
dios  FilosoQa  del  Derecbo,  por  Don  M.  A.  Martinez.  Madrid,  1874. 
Svo. — Catalogo  Bibliografico  y  BiograQco  del  Teaslo  Antiguo  Espauol. 
Madrid,  1860.  4to. — Diccionario  de  Bibliografica  Agroudmica.  Madrid, 
1865.  4to. — Classificacion  General  de  los  Monies  Fublicos.  Madrid, 
1859.  4to. — Soticia  del  Itlaseo  Arqueologico  Kacional.  Madrid,  1876. 
8vo.  (6  copies.) — Fstadistica  do  los  Montes  Publicos,  1861-1865.  Mad- 
rid, 187G.  4to. — Oomiaiou  de  la  Flora  Espailola.  Madrid,  1870.  4to. — 
Memoria  sobre  la  Inandacion  del  Jticar  en  1864.  Madrid,  1866,  4to. — 
And  22  rolnmes  aod  30  pamphlets  on  edncation,  medicine,  &c., 

From  the  Swiss  Centennial  Commission,  Fbiladelpbia:  Gescliicbto  der 
Geaellscbaft  zar  Befordernng  des  Guleu  und  Gemeiniitzigea  Jabre,  1-98, 
1827-1874.  Basel.  8vo. — Folio  volume  of  Geological  Cbarts,  pablisbed 
by  Warster,  Bandegger  &  Co.,  Wintetthen. — 28  volnmes  on  Swiss  rail- 
roads.   Folio  and  4to. 

From  the  Turkish  Centennial  Commission,  Philadelphia;  UArcbitec- 
ture  Ottomane,  ouvn^e  autoris^  par  Irad^  imperial  et  public  sons  le 
patronage  de  Son  Excellence  Edkem  Pacha.  Constautinople,  1873. 
Folio.  (2  copies.} — Les  Costames  Popnlaires  de  la  Tarqaie  en  1873. 
Constantinople,  167.3.    4to.    (2  copies.) 

From  the  Xetheriands  Centennial  Commission,  Philadelphia:  Arch- 
ives du  MusSe  Teyler.    Vols,  i-iii.     Haarlem,   1868-1874.    4(0 La 

Chirnrgie  Militaire  par  W.  C.  Gori.  Amsterdam,  1874.  8vo.— Des  Hopi- 
tanx,  Tentea  et  Baraqaes,  par  W.  C.  Gori,  Amsterdam,  1872.  8vo. — A 
Sketch  of  the  Poblic  Works  in  the  Netherlands.  By  L.  C.  Von  Kerkwyk. 
Haarlem,  1876.  8vo.— International  Exhibition,  Fhiladelphia,  1876j 
SpecialCatalogneofthe  Netherlands  section.  Amsterdam.  Svo. — Cata- 
logae  of  the  Collective  Exposition  of  the  Netherlands  Booksellers'  Asso- 
ciation. Amsterdam,  1876,  Svo.  Elementaryand  MlddleClassInstrnc- 
tion  in  the  Netherlands.    Leyden,  1876.    Svo. 

From  the  New  Soath  Wales  Centennial  Commission,  Philadelphia : 
Letters  of  Begistration  of  Inventions.  Vols,  i-iv,  Sydney,  1875. 
Folio.— Newspapers  published  in  New  South  Wales  in  1875,  8  folio  vol- 
amea — Annual  report  of  the  Department  of  Mines  of  New  Sonth  Wales, 
1875.  Sydney.  4to. — Mines  and  Mineral  Statistics  of  New  Sonth  Wales. 
Sydney,  1875.  8vo, — Catalogue  of  the  Library  of  the  Mechanics'  School 
of  Arts,  Sydney.  8vo. — Official  Catalogue  of  the  Natural  and  Industrial 
Products  of  New  South  Wales.  Sydney,  1876.  8vo.— New  South  Wales. 
By  Charles  Bobinaon.    Sydney,  1873.    Svo. 

From  the  Sonth  Australia  Centennial  Commission,  Philadelphia :  Plan 
of  the  southern  portion  of  the  Province  of  South  Australia  as  divided 
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into  coanties  anil  huDdreds,  showing  agricultaral  areas,  post-towos,  tele- 
graph'StatioDS,  main  roads,  and  railways ;  compiled  from  official  doca> 
meats.  1S76.  Elephant  folio. — Flora  of  South  Australia,  2  volumes. 
Folio. — Ferns  of  Australia,  31  sheets. 

From  the  Peruvian  Centeunial  Gommiaaion,  Philadelphia:  El  Correo 
delPera.  i-r,  1871-1875.  Lima.  Folio.  (5 copies.)-EIBoletiii Municipal. 
Vol.  i.  1874.  Lima.  Ito. — Anales  UniTersitarios  del  Pera.  Vols,  i-vii. 
Lima,  1862-1873 .  8vo. — Befensa  de  la  Aatoridad  de  los  Gohiernos  y  de 
losObispos.  Yol8.i~vi.  Lima,lS19.  Sto. — DiccionariodelaLegislacioD 
Pemaaa.  Vols,  i,  ii,  and  aappl.  Lima,  1860-1864.  4to. — Anales  de 
Caerpo  de  Ingeuieros  del  Peru,  i,  ii.  Lima,  1874.  4to. — Documentos 
Hiatoricos  del  Peru.  i-vi.  Lima,  1863-1874,  8vo, — Documeutos  Lite- 
rarioa  del  Pern.  i~vi.  Lima,  1863-1874.   8vo. — ElPern.    Tomei.    Lima. 

1874.  4to. — (Jompilacion  de  las  Yiataa  Fiacales.  i,  ii.  Lima,  1873-1875 
4to. — Belaciones  de  los  Vireyes  y  Audieocias.  i-iii,  Lima,  18G7-1S72. 
8ro. — And  91  Tolnmes  and  96  pamphlets,  Theology,  Education,  &c. 

From  the  Argentine  Centennial  Commission,  Philadelphia :  Goleccioo 
de  Obras  y  Docameutos  sobre  el  Bio  de  la  Plata,  por  Pedro  de  Augelis. 
Vols.  i-vi.  Buenos  Aires,  1836,  1837.  4to.— Anales  del  Mnseo  Pu- 
blico de  Buenos  Aires.  Vols,  i,  ii.  Buenos  Aires,  1864^-1874.  Folio. — 
Correo  del  Domingo.  Vols,  i-viii.  Buenoa  Aires,  1864^1867.  Folio. — 
Bevista  Argentina.  Vols,  i-xiii,  Buenos  Aires,  1868-1872,  8vo. — La 
Bevlsta  de  Baenos  Aires.  Vols,  i-sxiv.  Buenos  Aires,  1863-1871. 
8vo.-~Bevi8ta  del  Kio  de  la  Plata.    Vols.  i-x.    Boenos  Aires,  1871- 

1875.  8vo. — Bevista  Medioo-Quirdrgica.  Tomi  i-si.  Buenos  Aires, 
1S64-1875.  8to. — Boletin  de  la  Esposicioo  Kaciooal  de  Cordoba.  Vols, 
i-vii.  Buenos  Aires,  1869-1873.  Svo. — Bevista  del  Archivo  General 
de  Baenos  Aires.  Vols.  i-lv.  Buenos  Aires,  1869-1872.  Svo. — Bole- 
tiD  de  la  Academia  Nacional  de  Cienclas  Esactas.  Tomo  i.  Buenos 
Aires,  1874.  Svo. — Analea  de  la  Sociedad  Bural  Argentina.  Vols.  1- 
Ix.  Buenos  Aires,  1867-1875.  Svo. — Galena  de  Celebridades  Argen- 
tinas.  Buenos  Aires,  1857.  Folio. — Las  Caballos  Fosiles  de  la  Pampa 
Argentina.  Baenos  Aires,  1875,  Folio. — EnseQanza  Publica  en  Bae- 
nos Aires.  1S63.  Folio.— El  Plato  Illastrado.  Vols,  i,  ii.  Buenos 
Airea.  1871, 1872.  Folio.— La  Plata  Monatsschrift.  Vols,  i-iii,  187*- 
1875.  Folio.— BegistroEstadisticodeBuenosAires.  1SC8- 1873. Folio.— 
Concordanciaa  y  Fnndamentos  del  Codigo  Civil  Argentine.  Vols,  i-xvi. 
Buenos  Aires,  1873-1875.  Svo. — Begtstro  Kacional  de  la  Hepublica 
Argentina.  1851-1874  (18  vols.)  Svo. — Eegistro  Oflcial  de  Bnenoa 
Aires.  1821-1S56.  Svo.  Historia  de  Belgrano,  por  BartolomiS  Mitre, 
i-iv.  Buenos  Aires.  1S58,  IS59.  Svo.  And  97  volumes  and  62  pam- 
phlets, chiefly  government  documents. 

From  the  Queensland  Centennial  Commission,  Philadelphia:  Queens- 
land Government  Gazette,  1874, 1875.  Brisbane.  Folio.  3  vols. — The 
Queensland  Statutes.  Vola.  i-iv  (2  copies).  Brisbane.  1874.  4to. — 
Queensland  Parliamentary  Debates.     Vols,  xvi,  xvii.    Briabane.    1371. 
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Sto. — The  Qae«ii3laDd  Almanac,  1874,  Brisbane.  Svo.  2  copies. — Sta- 
tistics of  the  CoIoDj  of  QueeDsIaad,  1870, 1871,  1872, 1873.  Brisbane. 
4to. — Public  Accoauts  of  Qaeeasland,  1871.  Brisbane.  4to. — Queens- 
laod  Garden  Maniial.  Brisbane.  1875.  Svo. — Oatalogne  Queensland 
Exhibition,     Brisbane.     1S75.    Svo.    6  copies. 

From  the  Venezuelan  Centennial  Commission,  Philadelphia :  32  quarto 
volumes  of  government  documents. 

From  tlie  Portuguese  Centennial  Commission,  PhiladelpMa :  Bevista 
de  Obras  publicas  e  Minas,  Pnblica^^o  Mensal  da  Associa^So  dos  En- 
genheiros  Civis  Portuguezea.  Vols,  i-vi,  Lisbon,  1870-1875,  8vo.— 
Oeographia  e  Estadistica  geral  de  Portugal  e  Colonias,  por  Gerardo  A. 
Pery.  Lisbon,  18*5.  Svo. — Portnguese  Special  Catalogne  Interna- 
tional Exhibition,  1876.  Svo. — 3  sets  of  works  published  by  the  direc- 
tion of  geodetical  labors,  and  80  pamphlets.  Annaes  de  Observatorio 
do  Infante  D.  Luiz.  Vols,  i-xii.  Lisboa,  1856-1874.  Folio.— Movi- 
mento  Commercial  de  Portugal.  Mappa  des  valores  importados  dos 
productos  Ohymicas,  Gommas  o  Bezeuas,  Tabacos,  &c.  (25  fiittmed 
maps.)  Specimen  de  Fundi^So  de  Typos  da  Imprensa  Nacional.  Lia- 
boa,  1876.  4to. — Carta  ConstiCncional  da  Mouarchia  Portugneza.  Lis- 
boa, 1S76.  ito. — Codigo  Commercial  de  Signaes  para  nso  Interuacional, 
Lisboa,  1868.  8vo.--A  Delfina  do  Mai.  Poema  por  T,  Bibeiro. 
Lisboa,  1868.  Svo. — Didascalia  .^tbtopnm.  (Desumpta  ex  editione 
Loudinensi  Thomie  Pell  Piatt,  1834.)  Svo. — Luiz  de  Camoes  Episodio 
de  Ignez  de  Castro.  Extrahido  do  Canto  Terceiro  do  Poema  Epico  Las 
Lnsiadas.  Lisboa,  1873.  4to.— Kecreio  Apollineo.  4to. — Cancioneiro 
d'Evosa  par  V.  E.  Harding.    Lisboa,  1875,    Svo, 

From  the  Mexican  Centennial  Commission,  Philadelphia:  Historia 
ParliamentariadelCuartoCongresoCoa8titncional,porPantaleonToTar. 
Vols,  i-iii.  Mexico,  1872-1874.  4to. — Diccionario  Geograflco  y  Esta- 
distico  de  la  Eepublica  Mexicaoa.  Vols,  i-iii.  Mexico,  1874,  1875. 
4to. — Memoria  de  Ilacienda  y  CrMito  Pdblico,  1868-187S.  Mexico, 
4to. — Tratacto  de  Administracion  y  Contabilidad  de  los  Candales  del 
Gobierno  General,  |>or  Julio  Jimenez.  Mexico,  1868.  Folio. — Diccion- 
ario de  la  Legislacion  Mexicana.  Parts  1-04.  1808-1871,  Folio. — La 
Naturaleza.  Vols,  i-iii,  pta.  1-15.  Mexico,  1870-1875.  Boy.  Svo.— La 
EnseQauza,  Vols,  i,  ii.  Mexico,  1872-1874.  Folio.  And  73  volumes  and 
133  pamphlets,  chiefly  government  documents. 

From  the  New  Zealand  Centennial  Commission,  Philadelphia:  Trans- 
actions and  Proceedings  of  the  New  Zealand  Institute.  Vols,  i-vii. 
Sydney,  1868-1875.  Svo.— Census  of  New  Zealand,  1874,  Wellington, 
1875.  Folio.— Statistics  of  Sew  Zealand,  1874.  Wellington.  Folio.— 
History  of  the  Birds  of  New  Zealand,  by  W.  L.  Buller,  London,  1873. 
4to. — New  Zealand  Exhibition,  1805.  Beports  and  Awards.  Dunedin, 
1866,  Svo.— The  Official  Iland-Book  of  New  Zealand.  London,  1875. 
Svo. — Catalogue  ofMarineMoUusca  of  Kew  Zealand,  Wellington,  1873. 
Sto. — Catalogue  of  Tertiary  Alollusca  of  New  Zealand.     Wellington, 
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1873.  8vo.— Meteorological  Eeport,  1868,  1870.  Wellington  8vo.— 
Fisbea  of  New  Zealand.  Welltngtoo,  1872.  Svo. — Catalogue  of  the  Birds 
of  New  Zealand.  Wellington,  1871,  Svo. — Oatalogneof  tlieEcbiuoder- 
mata  of  NewZealaut).  Welliugton,  1873.  8vo. — Catalogne  of  Land  Mol- 
lasca  of  New  Zealaud.  AVellington,  1873.  Svo. — Critical  List  of  the  Mol- 
Insca  of  Hew  Zealand.  Wellington,  1873.  Svo. — Pbormium  Tenax  aa 
a  Fibrons  Plant.  Wetliogton,  1873.  Svo.— Beports  of  Geological  Ex- 
pIofatioDB  daring  1870-'71, 1871-'72.    Wellington,  1871,  1872.    Svo. 

From  the  Tasmanian  Centennial  Commiesion,  Pbiladelphia ;  Journal 
of  the  House  of  Assembly,  with  appendices,  vols.  viJi,  is,  xii-sv,  xxi'i, 

xxvii-xzix.    Hobart  Town,  1862-1875.    Folio Joaruals  of  the  Legisla- 

tiro  Council  (with  papers).  Vols,  xix-xxii.  Hobart  Town,  1873-1875. 
Folio.— Statistics  of  the  Colony  of  Taenjania,  1873,  1S74,  1875,  1870. 
Hobart  Town,  1874-1877.  Folio.— Welch's  Tasmanian  Gaide-book. 
Hobart  Town,  1871.  Svo.  (2  copies). — Welch's  Tasmanian  Almanac, 
1866, 1867.  Hobart  Town.  Svo.  (2  copies).— Experience  of  Forty  Tears 
in  Tasmania,  by  Hogb  M.  Hall.  London,  1859.  12mo.— A  Description 
of  the  Island  of  Tasmania.  Lannceston,  1S76,  Svo. — Standing  ^ules 
and  Orders  of  the  Legislative  Council,  1875, 12mo. — Map  of  Tasmania 
(3  copies). 

From  the  Victorian  Centennial  Commission,  Philadelphia :  Biograph- 
ical Charts  of  Italian  PaintctB  of  the  Schools  of  Bologna,  Florence, 
Sienna,  Borne,  and  Naples.  Compiled  by  direction  of  the  trustees  of  the 
Melbourne  pablic  library,  1870.  Vols,  i,  ii.  Elephant  folio, — Eeport  of 
the  proceedings  taken  under  the  provisions  of  the  Land  Act  of  1369 
during  1873.  Melbourne.  4to.— Abstracts  of  Speci&catious  of  Patents. 
Metals.  1S54-I866.  Melbourne,  1872.  4to.— Patents  and  Patentees. 
Indexes  for  the  years  1S54-1873.  Vols,  i-viii.  Melbourne,  1S68-1875. 
4to. — Hospitals  for  the  Insane,  Reports,  1870-1873.  iMelbourne.  4to. — 
Melboame  Public  Library.  Iteports,  1870-1875.  4to. — Catalogues  of 
Public  Library,  Supreme  Conrt,  and  National  Museum,  i  vols.  Mel- 
bonrne.  ito. — And  31  volames  and  16  pamphlets,  miscellaneous. 

LABOEATOHY. 

During  the  summer  the  laboratory  was  closed,  Dr.  Endlich,  the  min- 
eralogist of  the  Institution,  having  been  engaged  on  the  survey  under 
Dr.  Hayden.  Mr.  Fred.  W.  Taylor  of  this  city  occupied  the  laboratory 
for  some  time  in  the  autumn,  and  made  analyses  of  mineral  waters  and 
specimens  of  ores,  &c.,  which  had  been  sent  to  the  Institntion  for  exam- 
ination. 

Aa  specimens  are  constantly  being  received  by  the  Institntion  from 
all  parts  of  the  coantry,  with  the  request  that  a  report  be  made  as  to 
their  character  or  constitnents,  it  may  be  well  to  call  attention  to  the 
rules  adopted  for  their  examination. 

1.  Qualitative  examinations,  that  is,  for  determining  the  constitaents 
of  the  specimeDs,  are  made  without  charge.  ( '  ^  ^  i  [  - 
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2.  Quantitative  exatDioatioDS,  or  the  determiDation  of  tbe  percentage 
of  tbe  differeat  compoDcats  of  tbe  specimena,  can  only  be  Diade  at  the 
expense  of  the  applicant;  tbe  cliarge  to  be  in  proportion  to  tbe  time 
expended  in  the  vork,  e.  g.,  from  $5  to  $50,  according  to  whether  it  is 
partial  (determination  of  silver,  lead,  or  iron,  &c.,  only),  or  full  (deter- 
mination of  every  thing). 

3.  The  report  of  quantitative  examinations  vill  be  given  nnder  tbe 
name  of  the  expert  to  whom  the  Bpecimeu  shall  be  submitted,  and  not 
□nder  that  of  the  Smithsonian  Institntion. 

4.  All  applications  for  tbe  determination  of  specimens  mast  be  made 
by  letter,  addressed  "  Secretary  of  the  Smithsonian  Institution." 

5.  The  specimens  examined,  or  part  of  them,  will  be  retained  by  tbe 
Institntion. 

6.  All  specimens  to  be  delivered  to  the  Institntion  free  of  expense. 

NATIONAL  MUSEUM. 

The  National  Mnsenm  was  established  by  tbe  Government  in  1812,  at 
which  time  it  consisted  principally  of  specimens  collected  by  the  Wilkes 
exploring  expedition.  It  was  transferred  from  the  Patent  Office  to  tbe 
care  of  the  Smithsonian  Institution  in  1858,  where  it  has  been  enlarged 
by  all  the  collections  made  by  exploring  and  surveying  parties  of  tbe 
several  bareaus  of  the  War,  Navy,  Treasnry,  and  Interior  Departments, 
and  those  of  the  Smithsonian  Institution. 

The  following  report  from  Professor  Spencer  F.  Baird,  assistant  sec- 
retary, gives  an  account  of  the  additions  to  the  museum  and  the  various 
operations  connected  with  it  during  tbe  year  1877: 

REPORT  OF  PROF.  SPENCER  F.  BAIRD  ON  THE  MUSEUM. 

Increase  of  the  Uuseum, — It  was  hardly  to  be  expected  that  the  addi- 
tions to  the  Kational  Museum  in  1877  should  compare  with  those  of 
1873  and  1S76,  including,  as  they  did,  the  results  of  large  expenditures 
for  tbe  purpose  of  making  a  suitable  exhibit  at  the  International  Exhibi- 
tion of  1876  of  tbe  ethnology  and  of  tbe  reaonrces  of  the  United  States,  as 
derived  from  the  animal  and  mineral  kingdoms,  with  their  accessories. 
Tbe  reduction  in  the  yield,  however,  proves  to  be  much  less  marked 
than  was  anticipated ;  and  the  aggregate  of  receipts  has  been  far  be- 
yond that  of  any  previous  year,  with  the  exception  of  those  mentioned. 
Tbe  nnmber  of  donors  was  3.12,  of  donations  189,  and  of  separate  pack- 
ages 815. 

As  heretofore,  tbe  additions  to  the  Muaeam  consisted  of  five  classes: 
First,  those  supplied  by  the  diflereut  government  expeditious,  in  accord- 
ance with  the  law  of  Congress.  Second,  tbe  donations  from  private 
individuals,  made  either  spontaneously,  or  in  response  to  special  invita- 
tions and  requests.  Third,  tbe  results  of  exchanges,  prosecuted  with 
various  establishments  or  individuals  at  home  and  abroad.    A  fourth 
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Boorce  of  6up|>ly  U  from  explorations  made  at  the  expense  of  tbe  Smith- 
Bonian  lastitntioo.  A  fifth  source  of  increase  is  from  porcbafie,  which, 
however,  ia  very  insignifloaDt,  and  is  principally  confioed  to  specimens 
of  animals  obtainedia  market  or  occasionally  a  single  ethnological  imple< 
ment,  offered  ander  specially  favorable  circnmstaaces.  It  is  in  this  that 
the  Natiooal  Mnseom  differs  most  from  establishments  of  its  grade 
throoghoattheworldiWhicbdepeDdverylargel^nponporchasestosecare 
desired  materials.  Here,  on  tbe  contrary,  the  space  and  force  at  com- 
mand are  all  fally  required  to  receive  and  care  for  the  collections  that 
ore  coatinnally  arriving  firom  tbe  soarces  referred  to. 

Iq  view  of  tbe  limited  accommodations  for  the  collections  and  of  the 
small  appropriations  for  their  maintenance,  the  special  efforts  toward 
the  extension  of  the  Katiooal  Maseam  have  been  restricted,  for  the  most 
part,  to  North  America  and  to  the  most  interesting  snbject  of  research 
»t  the  present  day,  that  of  Americaa  anthropology.  Every  possible  ef- 
fort baa  been  made  to  invite  oootribations  of  facts  and  materials  on  this 
sabject,  and  with  very  gratifying  sncceas.  The  intention  of  the  Smith- 
aontan  Institntion  topablish,  wheneverthe  proper  means  can  be  obtained, 
ao  exhanstive  treatise  on  American  archaeology,  with  saitable  illastra- 
tions,  has  invoked  the  co-operation  of  many  persons  who  desire  to  see  snch 
an  end  acoomplisbed;  and  especially  as  tbe  Institntion  proposes  to  give, 
under  each  group,  an  ennmeration  of  tbe  principal  articles  received, 
arranged  by  localities  and  donors. 

Few  portions  of  the  conntry  have  been  without  representation  in  tbe 
ethnological  donations  of  the  year;  althongb  certain  regions  have  been 
more  prolifiotban  others.  The  largest  additions  from  any  one  sonrce  have 
leanlted  trom  tbe  continued  explorations  of  Bev.  Stephen  Bowers  on  tbe 
main-land  in  the  vicinity  of  Santa  Barbara,  and  on  the  adjacent  islands 
of  Sontbem  Oalifomia;  over  forty  boxes  of  material  having  been 
aapplied  by  him  alone.  Tbis  exploration  was  made  under  the  aospices 
of  Maj.  3.  W.  Powell,  with  the  co-operation  of  the  Smithsonian  Institn- 
tion. An  exhaustive  report  on  the  sabject  will  be  pablisbed  by  Mi^or 
Powell,  the  collections  themselves  becoming  the  property  of  Ihelf  ational 
Mosenm. 

With  the  material  heretofore  gathered  in  tbe  same  region,  by  Mr.  W.  G. 
W.  Harford,  Mr.  W.  H.  Dall,  Mr.  Paul  Schumacher,  and  Mr.  Bowers  him- 
self, it  is  believed  there  can  never  be  a  better  representation  of  the 
archaeology  of  the  tribes  of  the  California  coast  than  that  now  in  Wash- 
ington. This  embraces  a  great  variety  of  objects  of  stone,  bone,  shell, 
and  wood,  representing  applications  of  these  substances  far  in  advance 
of  those  of  any  other  aboriginal  tribes,  excepting  those  of  tbe  northwest 
coast 

Tbe  large  collections  of  similar  character,  made  by  Air.  Bowers,  in 
1875,  in  behalf  of  Lieutenant  Wheeler's  survey,  have  also  been  trans- 
ferred, in  part,  by  that  office,  to  the  Museum. 

From  Mr.  Luoien  M.  Turner,  late  meteorological  observer  of  the  signal- 
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office,  at  Saiot  Mjcbaela,  Alaska,  there  has  beea  received  a  contina- 
atioQ  of  hia  extremely  important  coilectioDS  of  objects  manafactored 
aod  used  by  the  Eaqulmanx  of  Alaska.  This  collectioa  is  especially 
rich  iu  oar7ings  on  bone  and  walms  ivory,  representing  scenes  and  in* 
eidents  in  the  life  of  that  people. 

The  Institution  is  indebted  to  Mr.  F.  Hirst,  of  Bridger  Station,  for  many 
interesting  articles  from'  the  Bocky  Monntaiu  region,  principally  stone 
implements  of  varioas  kinds. 

Professor  Hnydeo  has  presented  a  fall  series  of  models  of  the  ancient 
ruins  in  ^ew  Mexico  and  Colorado,  together  with  restorations  showing 
what  was  probably  their  original  character.  These  have  attracted 
much  attention,  and  the  promised  continuation  of  the  series  affords  much 
satisfaetioD. 

Mr.  Frank  H.  Gushing,  assisted  by  Mr.  Henry  J.  Biddle,  of  Philadel- 
phia, visited  a  cave  near  Hagerstown,  Md.,  and  obtained  many  relics  of 
the  aboriginal  people  who  formerly  inhabited  that  vicinity.  Numerous 
implements  of  stone  and  bone,  articles  of  pottery,  and  fragments  of  the 
remains  of  aboriginal  feasts,  &c.,  were  collected  and  are  now  in  process 
of  careful  investigation. 

The  most  important  yields  from  the  shell-heaps  of  the  United  States 
were  obtained  from  the  shell-mouads  of  Mobile,  by  Colonel  Gaines  aod 
Mr.  K.  M.  Canningham,  of  that  city.  These  consist  of  numerous  articles 
of  iwttery,  some  of  them  qnite  peculiar  in  form,  and  of  a  material  and 
ornamentation  constituting  almost  a  distinct  class  iu  atrarigiual  ceramics. 
VTith  these  were  also  various  articles  of  bone,  stone,  &c.,  the  whole  making 
one  of  the  most  important  contribntiona  of  the  kind  yet  secured  by  the 
j^ational  Museum. 

From  numerous  localities  in  the  interior  have  been  received  sioglo 
specimens  or  collections,  partly  from  mounds,  partly  from  graves,  aad 
partly  from  the  superficial  soil.  These  will  be  referred  to  in  more  detail 
in  the  list  of  douatioos.  Among  the  more  noteworthy  are  those  presented 
by  Colonel  McAdoo  and  Mr.  McKiuley,  from  Georgia;  Mr.  Perriue, 
from  Illinois;  Mr.  Broduas  and  Dr.  James, from  Arkansas;  Mr.  Illigg 
and  Mr.  Berlin,  from  Pennsylvania,  and  others. 

A  great  many  possessors  of  rare  and  carious  objects,  indisposed  to  part 
with  them  permanently,  have  freely  lent  them  to  the  Institution,  for  the 
purpose  of  having  copies  made,  and  several  persons  have  been  occupied 
during  a  great  part  of  the  year  in  making  plaster  casts  aud  in  painting 
them  from  the  originals  before  their  return. 

A  collection  of  implements  received  from  Mr.  Berlin,  of  Beading,  is 
of  peculiar  interest  as  representing,  in  all  probability,  the  same  pali£o- 
litbic  epoch  as  that  which  Dr.  Abbott  has  so  ably  discussed  in  bis  paper 
on  the  AntiQuities  of  2few  Jersey,  published  iu  the  Beport  of  the  Smith- 
sonian Institution  for  IS'o. 

A  most  valuable  addition  to  the  ethnological  collection  consisted  of  a 
series  of  casts  of  the  beads  and  faces  of  sixty-four  Indians,  held  as  pris- 
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oners  of  war  at  Saint  Augustine,  iu  Florida,  under  the  cliarge  of  the 
TVar  Department.  These  were  prepared  during  the  snmmer  by  Mr. 
Clark  Mills,  the  well-known  sculptor,  of  Washington,  who  visited  Saiut 
Angnstine  for  the  pnrpoae.  It  is  generally  dif&cult  to  induce  an  Indian 
to  submit  to  the  discomfort  and  apparent  danger  of  the  treatment  re- 
quired iu  taking  face  casts,  but  these  prisoners  were  easily  persuaded 
by  Captain  Pratt,  United  States  In&iutry,  -who  has  them  in  special 
charge,  to  allow  the  operation,  and  Mr.  Mills  was  extremely  successful 
in  the  work.  In  addition  to  the  heads,  a  number  of  separate  casta  of  arms, 
legs,  and  busts  were  taken,  thus  famishiug  a  rare  opportunity  for  study- 
ing the  anatomy  of  the  Indian.  The  tribes  represented  are  the  Eiovas, 
Comanches,  Arapaboes,  &c.  This  collection  furnishes  not  only  the 
means  of  studying  the  lineaments  of  the  North  American  Indian,  but 
also  answers  the  purpose  of  models  for  lay  figures  on  which  to  place  the 
many  suits  of  Indian  clothing  in  possession  of  the  Museum. 

Extremely  important  additions  have  been  received  from  several  of 
tbe  West  India  islands  during  the  year,  some  of  ttiem  unique  and  pre- 
Tionsly  more  or  less  unknown.  Reference  has  been  made  in  previous 
reports  to  the  extremely  rich  collection  of  stone  implements  bequeathed 
to  tbe  National  Museum  by  Mr.  George  Latimer,  and  of  which  an  illus- 
trated account  by  Professor  Mason  is  published  in  the  Smithsonian  Ee. 
port  for  187C.  Among  articles  of  West  Indian  arcbteology  received  in 
1S77  are  several  wootlen  stools  of  peculiar  shapes,  highly  ornamented 
and  carved,  presented  by  Dr.  William  M.  Gabb  and  Mr.  Frith;  some 
wooden  idols  of  large  size  and  complex  shape,  also  from  Dr.  Oabb ;  a 
stone  celt,  with  the  handle  and  cutting  portion  in  one  piece,  from  Mr. 
George  J.  Gibbs;  a  stone  celt  inserted  in  its  original  handle,  by  Mr. 
Murpby,  and  a  number  of  specimens  of  somewhat  similar  character, 
belonging  to  the  public  library  of  (Nassau,  and  lent  for  the  purpose  of 
being  figured  and  copied.  Some  collections  of  a  similar  character  made 
by  Mr.  Frederick  A-.  Ober  in  Dominica,  Antigua,  and  elsewhere,  have 
not  yet  come  to  baud. 

Other  extra-limitat  collections  received  have  been  a  series  of  very  in- 
teresting articles  of  obsidian  and  stone  from  the  National  Museum  of 
Mexico,  and  some  ancient  Japanese  stone  implements  from  the  Tokio 
Mnsenm  in  Japau. 

Of  mammals  quite  a  number  of  specimens  have  been  received,  tbe 
most  striking  of  them  being  a  pair  each  of  the  blue  and  white  foxes  of 
Saint  Paul's  Island,  Alaska,  from  tbe  Alaska  Commercial  Company; 
theskinof  acinuamouboar,  from  Mr.  P.O.  Matteson;  skins  of  antarctic 
seals,  from  Captain  Fuller;  and  a  skeleton  of  a  porpoise  of  tbe  genus 
Tureiopa,  new  to  the  Museum,  from  Mr.  Alfred  N.  Lawrence ;  two  skel- 
etons of  the  grampus,  from  Mr.  Small,  of  Provincetown  j  alcoholic  speci- 
mens of  Platypus  and  Echidna  from  Tasmania,  &c. 

The  collections  of  birds  and  tbeir  eggs  received  during  the  year  have 
been  quite  abundant,  the  most  noteworthy  among  tbem  being  a  speci* 
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men  of  tbe  everglade  kite  of  Florida,  from  Mi.  George  A.  Boardman. 
Dr.  James  C.  Merrill,  assistant  surgeon,  United  States  Army,  has  con> 
tributed  a  large  collection  of  birds  and  eggs  from  tie  Lower  Ilio  Qrande, 
several  of  tbem  new  to  scieuce,  and  otbers  not  previously  known  witbin 
tbe  limits  of  t)ie  United  States.  Mr.  Lucien  M.  Turner  and  Mr.  I^elson, 
of  tbe  United  States  Signal  Service,  stationed  at  Saint  Micliaels,  in 
Alaska,  have  also  sent  in  large  numbers  of  tbe  birds  of  Alaska,  iuclud- 
ing  many  very  rare  skins. 

A  series  of  tbe  birds  of  Soutbern  Illinois  bas  beeu  received  from  Mr. 
Eobert  Sidgway.  Colouel  Brackett  and  Mr.  Eirst  bare  furnished  some 
valuable  specimens  of  birds  and  eggs  from  Wyoming.  From  Lieuten- 
ant Wheeler  and  Dr.  Hayden  have  also  been  received  large  numbers  of 
specimens  collected  in  the  course  of  their  respective  surveys. 

Tbe  National  Museam  of  Mexico  baa  supplied  a  large  number  of  species 
from  that  country,  several  of  them  not  before  in  the  collection. 

Perhaps  the  most  important  coutribulioo  of  birds  is  that  received  firom 
Frederick  A.  Ober,  as  tbe  result  of  the  exploration  he  is  now  making 
in  the  West  Indies  under  the  direction  of  the  Smithsonian  Institution. 
These  were  principally  obtained  from  tbe  island  of  Dominica,  and  cod< 
stitnte  by  far  the  largest  series  ever  gathered  in  that  island,  several  rep- 
resentiug  new  species  and  otbers  previously  lacking  in  the  Museum. 
Mr.  Ober  is  still  iu  tbe  field,  and  additional  contributions  from  the  other 
West  India  islands  are  expected. 

The  collections  of  reptiles  have  consisted  in  large  part  of  the  Bpeci- 
mens  obtained  under  the  direction  of  Lieutenant  Wheeler  and  Professor 
Hayden,  and  transmitted  by  those  oCBcers.  The  other  additions  hare 
consisted  principally  of  turtles  and  snakes,  forwarded  at  the  express  re- 
quest of  the  Institutiou,  to  serve  as  models  in  the  series  of  plaster  casts 
now  in  preparation  for  tbe  Museum.  The  more  important  contribators 
in  this  line  are  Mr.  S.  N.  Ferguson,  of  tbe  large  alligator  snapper  of  the 
Lower  Mississippi ;  Mr.  Kobu,  of  the  turtles  in  the  vicinity  of  Kew 
Orleans  J  Dr.  Merrill,  of  those  from  the  Kio  Grande;  Mr.  Richard,  of 
those  from  Peunsylvania,  &c. 

A  very  large  living  diamond  rattlesnake  was  obtained  through  the 
assistance  of  Mr.  Way,  of  Sanford,  Fla.;  and  Mr.  Frank  W.  Heyward, 
of  South  Carolina,  supplied  a  number  of  living  specimens  of  Siren. 

Of  fishes  tbe  collections  have  been  very  large,  embracing,  of  course, 
those  gathered  by  the  United  States  Fish  Oommissiou  during  its  labors 
in  different  portions  of  the  country.  The  summer's  work  of  the  Gommis- 
BioQ  was  prosecuted  on  the  coasts  of  Massachusetts  and  of  Nova  Scotia, 
and  in  theintermediatesea8,extendiDgovertbemouthsof  July,  August, 
and  September.  Quite  a  number  of  fishes  not  previously  described  iu 
the  fiiruua  of  the  country  were  obtained.  Many  species  in  large  qnau- 
titles  were  gathered  to  serve  tbe  pur[>08es  of  distribution  to  museums  of 
tbe  United  States. 

Tbe  collections  of  marine  invertebrates,  gathered  under  the  same  aus- 
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picea,  are  also  ver;  large.  Other  collectioos  made  by  the  commission 
consisted  of  series  of  the  fresh-water  fishes  of  the  Golnmbia  and  Clack- 
amas rivers  of  Oregon,  and  the  McCload  River  of  California,  gathered 
by  Mr.  Liringston  Stone;  of  landlocked  salmon  and  other  fishes  of 
Grand  Lake  Stream,  Maioe,  by  Mr.  Charles  G.  Atkins;  and  a  great 
variety  of  sea-fishes  from  Wood's  Hole,  Massachusetts,  by  Mr.  Vinal  ^. 
Edwards,  and  of  the  Saint  John's  Biver,  Florida,  by  Messrs.  Baird  and 
Milner. 

A  large  number  of  the  stomachs  of  mackerel,  collected  by  Capt.  H.  0. 
Chester,  famished  the  means  of  solving  an  important  problem  in  regard 
to  the  food  of  that  fish.  Collections  were  also  made  at  varioas  points 
by  Mr.  Milner  and  his  assistants  of  the  Commission.  Mr.  Samuel  Fowel, 
of  Newport,  who  has  been  engaged  for  several  years  in  collecting  the 
fishes  of  his  vicinity,  has  added  many  specimens  to  those  already  pre- 
cented  by  him  to  the  mnseam,  and  famished  mnch  information  in 
regard  to  the  geographical  distribatioa  of  species. 

Captain  Halbert,  who  was  engaged  as  pilot  on  the  Speedwell  during 
her  sammer's  cruise,  obtained  and  transmitted  a  new  species  of  chi< 
msra,  which  ia  now  named  C.  plumhea  by  Professor  Gill.'  This  was 
taken  on  a  halibut  line,  at  a  depth  of  several  hundred  fathoms,  off  the 
ooaat  of  Nova  Scotia. 

Mr.  E.  G.  Blackford,  the  well-known  fiab-dealer  of  Fulton  Market, 
New  York,  has  continued  his  valuable  cootribations,  that  have  now  ex- 
tended over  a  nomber  of  years,  securing  and  supplying  to  the  museum 
all  the  rarer  and  more  remarkable  fishes  received  by  the  New  York 
dealers.  A  large  namber  of  specimens  have  been  sent  by  him,  as  enn- 
iaerat«d  iu  the  list  of  donations,  and  furnishing  a  continued  illustration 
of  that  pnblic  spirit,  liberality,  and  disinterestedness  for  which  we  are 
happy  to  make  a  pnblic  acknowledgment. 

Many  Bpeclmens  of  various  food-fishes,  as  salmon,  trout,  whitefish, 
and  the  like,  have  been  sent  by  different  cootribntors  for  the  purpose  of 
meeting  an  expressed  want  or  of  securing  identification. 

A  very  interesting  series  of  contributions  during  the  year  ban  con- 
dsted  of  specimens  showing  the  success  of  the  varit>n8  efforts  made  qd- 
der  the  direction  of  the  United  States  Fish  Commission  for  the  propa- 
gation of  food-fishes  and  their  introduction  into  new  waters.  Among 
these  may  be  mentioned  a  full-grown,  true  shad  caught  in  the  Ohio 
Biver  at  Louisville,  being  one  of  six  hundred  taken  during  the  summer 
ander  similar  circumstances.  These  were  probably  derived  frova  the 
itock  introduced  four  years  previously  as  young  fish  into  the  Allegheny 
Biver  iu  Western  New  York.  This  was  presented  by  the  fish  commis- 
sioners of  Kentucky  through  Mr.  Pack  Thomas. 

A  shad,  also  the  result  of  the  transfer  of  young  fish  to  California  sev- 
eral years  ago  from  the  East,' was  furnished  by  Mr.  Bassett,  through  Mr. 
B.  B.  Bedding.  The  latter  gentleman  also  sappUed  several  specimens 
of  the  food-fishes  of  the  Sandwich  Islands,  of  which  living  specimens 
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had  been  trauamitted  to  the  commissioDers  of  Oalifomia  for  iotroductioa 
into  that  State. 

A  satmoD,  of  aboat  twelve  poaods  weight,  caught  in  the  Delsvare 
Biver,  at  Easton,  io  October,  waa  supplied  by  Mr.  Howard  J.  Beeder, 
Ssb  commissioaer  of  FeDnaylvania.  This  was  sappoaed  to  have  beea 
derived  from  a  stock  iotroduced  into  the  river  io  1873. 

3Iaiiy  other  equally  ioterestiDg  cases  will  be  fonod  referred  to  io  the 
list  of  douatiODS,  and  more  especially  ia  the  report  of  the  Uoited  Stntes 
Fish  CommissioDer  for  1877. 

A  finely -staffed  skiu  of  the  adalt  Ontario  salmon  was  presented  by  Mr. 
Samacl  Wilmot,  of  the  Canadian  fishery  department,  at  Kew  Oastle, 
Ontario,  This  was  a  female,  and  especially  interesting  as  having  fnr* 
nisbed  a  qnota  of  eggs  during  three  successive  seasons. 

In  conseqnence  of  an  extended  exploration  of  the  rirere  of  Oeorgia, 
the  Carolinas,  &c.,  prosecuted  by  Prof.  D.  8.  Jordan,  during  the  last 
summer,  in  part  under  the  auspices  of  the  United  States  Fish  Commis- 
sion, large  numbers  of  species  of  fish,  several  of  them  previously  un- 
described,  were  collected,  and  a  series  transmitted  by  Mr.  Jordan. 

Collection's  of  the  fishes  of  the  Ureat  Basin,  and  of  the  coast  of  Cali- 
fornia, were  received  from  Lieutenant  Wheeler,  as  the  result  of  his 
gatherings  in  past  years. 

Of  extralimital  species,  the  most  important  collection  of  fishes  waa 
one  received  from  Mr.  G.  Brown  Goode,  assistant  curator  of  the  2fational 
Mnaeum,  gathered  by  him  during  the  past  winter  in  Bermuda.  Some 
species  from  the  vicinity  of  the  Kergaelen  Islands  were  presented  by 
Captain  Fuller. 

Of  marine  invertebrates,  the  principal  collections  were  those  made  by 
the  United  States  Fish  Commissioner.  Some  of  great  interesC  were 
obtained  from  Col.  E.  Jewett,  of  Santa  Barbara,  Mr.  James  G.  Swan,  in 
Washington  Territory,  and  others. 

The  collections  of  plants  were  not  very  extensive ;  the  most  important, 
however,  were  furnished  by  Lieatenant  Wheeler.  A  valuable  oontriba- 
tiou  consisted  of  a  series  of  specimens  of  Japanese  woods,  representing 
fifty  species,  and  presented  by  the  Tofeio  Mnseam  of  Japan.  These, 
taken  in  eonnection  with  fifty  other  species  received  by  the  Smithsonian 
Institution  from  the  Japanese  commission  at  the  Centennial  Exhibition, 
complete  the  series  of  woods  of  Japan. 

Fossil  remains  of  more  or  less  rarity  and  interest  are  represented  by 
a  collection  of  the  Black  Hills  fossils,  gathered  by  Prof.  Henry  Newton, 
whose  nutimely  death  science  has  reason  to  deplore.  To  this  is  to  be 
added  a  series  from  Illinois,  collected  by  Mr.  G«orge  Spangler. 

Numerous  collections  of  minerals  have  been  added  to  the  museum ; 
but,  for  the  most  part,  necessarily  stored  with  the  other  accumulations 
for  the  want  of  a  proper  opportunity  of  exhibition.  The  most  important 
of  these  consists  of  a  collection  illustrating  the  iron  and  steel  manufac- 
tures of  Sweden.    This  constitated  the  exhibit  of  that  goveromeotat 
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the  exhibition  at  Viennn,  ia  1873.  It  was  preseoted  by  the  comiuis- 
sioner,  Mr.  Dannfeldt,  to  the  Philadelphia  OeateuDial  OomtuissiOD,  ba6 
was  Dot  exhibited,  having  beea  stored  in  Philadelphia  uutil  the  past 
Bammer,  whea  it  was  preseuted  b;  the  Oeuteaoial  Board  of  Finauce  to 
the  United  States. 

Thia  exhibit  was  qaite  equal  ia  valae  to  that  displayed  by  Sweden  at 
PbUadelphia,  and  which  became  the  property  of  the  Institute  of  Mining 
Engineers.  The  collection,  amounting  to  about  fifteen  tons  in  weight, 
was  carefnlly  packed  nnder  the  supervision  of  Mr,  Xbooias  Donaldson, 
and  forwarded  to  the  Institution. 

Messrs.  Dann  &  Brothers,  of  Philadelphia,  presented  three  boxes  of 
China  clay  from  an  establishment  in  England,  of  which  they  are  the 
agents. 

SorveyorS'General  Wasson  and  Hardenbarg  have  continued  their  con* 
tribationa  of  specimeDS  illastrating  the  character  of  the  ores  in  newly- 
discovered  miniDg  regions  in  Arizona,  &o.  Mr.  0.  W.  Derry  presented 
a  collection  of  silver  ores  from  the  J.  D.  Dana  Mine  in  Colorado.  Mr. 
Keynolds,  the  United  States  minister  to  Bolivia,  baa  transmitted  a  series 
of  copper  ores  of  that  conntry,  and  a  large  namber  of  single  specimens 
have  been  received,  sent  in  for  the  par[>ose  of  identiflcation. 

It  will  be  seen,  from  the  preceding  enumeration  and  from  the  list  of 
donations,  that  the  coUectiona  are  of  varying  magnitade,  some  being 
exbanstive  and  covering  all  branches  of  nataral  history,  others  limited 
to  a  single  department  and  sometimes  to  a  single  specimen.  All  these, 
however,  find  their  place,  a  single  object  sometimes  being  more  valuable 
than  a  large  collection  in  sqpplyiog  an  important  gap. 

The  moat  important  sources  of  snpply,  as  will  be  understood  from  what 
baa  already  been  said,  have  been  the  several  government  expeditions, 
particularly  those  of  Lieatenant  Wheeler  and  of  M^or  Powell ;  the 
articles  of  general  and  natural  bi^/tory  and  ethnology  obtained  from  these 
two  officers  being  of  very  great  magnitude  and  value. 

The  thanka  of  the  Institution  are  due  for  1877,  as  in  previous  years, 
to  the  Alaska  Commercial  Company,  for  disinterested  and  important 
services  in  acting  as  its  agent  in  receiving  and  forwarding  specimens 
and  supplies  transmitted  between  the  Smithsonian  Inatitntion  and  its 
correspondents  on  or  near  the  Pacific  coast  of  North  America  and  Asia ; 
in  giving  free  transportation  on  its  vessels  to  their  correspondents  and 
tbeix  equipment  and  collections,  as  well  as  subsistence  and  qnarters  at 
ita  stations;  in  supplying  objects  of  natural  history,  valuable  in  a  scieu- 
tiflo  point  of  view  as  well  as  commercially;  and  in  every  iMsaible  way 
giving  to  the  Smithsonian  Institution  the  benefit  of  ita  organization  and 
opportunities  in  the  most  liberal  manner,  and,  in  all  cases,  without  any 
charge  beyond  that  required  for  the  reimbursement  of  moneys  actually 
paid. 

The  United  States  Signal  Service,  nnder  General  Myer,  has  taken 
part,  with  its  usual  liberality,  in  the  efforts  of  the  InstitntioD  to  In- 
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crease  tlie  kaowledge  of  the  natural  history  of  Korth  America,  by  allow- 
ing it  to  Dominate  observera  at  several  of  ita  Northwestern  posta,  vbo 
possessed  the  necessary  interest  and  skill  to  make  collections  and  obser- 
rations.  Noteworthy  among  these  are  Mr.  Lncien  M.  Tamer,  for  several 
yeara  stationed  at  Saint  Michaels,  in  Alaska,  and  his  successor  at  that 
post,  Mr.  E.  W.  Nelson. 

Single  collections  have  been  received  from  time  to  time  tiom  other 
observers  in  the  service.  Beference  has  been  made  to  Dr.  J.  G.  Merril), 
of  tUe  United  States  Army,  who  made  collections  on  the  Lower  Elo 
Grande,  in  the  vicinity  of  Brownsville.  This  gentleman  has  enabled  ds 
in  great  measure  to  complete  the  work  begnn  years  ago  by  Dr.  Berlan* 
dier,  and  continued  by  Lieut.  D.  N.  Couch,  Gen.  Stewart  Van  Ytiet, 
Mr.  J.  H.  Clark,  Mr.  Arthur  Schott,  aud  other  members  of  the  Mexican 
Boandary  Sarvey.  Although  but  a  abort  time  resident  at  Port  Brown, 
Dr.  Merrill  has  already  made  a  great  many  imxtortant  additions  to  the 
known  fauna  of  that  region.  In  this  he  has  been  aided  by  Mr.  George 
B.  Sennett,  of  Erie,  Pa.,  who  baa  also  rendered  valuable  service  to 


To  Mr.  F.  Hirst,  of  Bridger  Station,  Wyo.,  we  owe  many  important 
contributions  of  birds,  eggs,  ethnological  specimens,  &c.  Go).  A.  G. 
Brackett,  U.  S.  A.,  also  stationed  iu  Wyoming,  haa  likewise  been  a 
valued  contributor.  - 

Mr.  Livingston  Stone  has  added  greatly  to'our  knowledge  of  the  fishes 
and  ethnology  of  Oregon  and  California,  by  bis  collections  in  connection 
with  the  operations  of  the  United  States  Fish  Commission. 

Lientenant  Wlttich  bas  also  contributed  toward  the  same  end  in 
Oregon.  Mr.  James  G.  Swan,  for  many  yeara  a  collaborator  of  the  In- 
stitntion,  and  who,  iu  1875  aud  1876,  transmitted  aucb  extensive  collec- 
tions of  ethnologica  for  the  Centennial  Fxhibition  of  the  Indian  Burean, 
has  also  made  large  contributions  of  various  objects,  during  the  year, 
from  Puget  Sound. 

The  sea-coast  bas  been  well  explored  by  the  United  States  Fish  Com- 
mission on  the  coasts  of  Massachusetts  and  Nova  Scotia,  while  the  fishes 
of  Narragansett  Bay  and  vicinity  have  been  investigated  by  Mr.  Sam- 
uel Powel,  of  Newport. 

The  collectio  ns  of  birds  and  etbnologica  from  the  National  KInseum  of 
Mexico  have  been  already  adverted  to,  and  relations  bare  been  estab- 
lished between  the  national  museums  of  the  two  countries,  which  we 
hope  will  tend  to  their  mutual  bene&t. 

The  residence  of  Mr.  G.  Brown  Goode  in  Bermuda  daring  the  winter 
'  of  1876,  has  been  productive  of  Tery  desirable  resnlts ;  full  series  of  the 
&8hes,  invertebrates,  corals,  &c.,  having  been  gathered. 

The  attention  of  the  Smithsonian  Institution  haa  for  many  years  been 
directed  toward  a  thorough  investigation  of  the  natural  history  and 
ethnology  of  the  West  India  Islands,  and  extensive  explorations  and 
collections  have  been  effected  through  its  agency  in  past  years,  in 


XtOoj^Ic 


BEPOBT  OF  TBE  SECBETAKY.  45 

the  Bahamas,  Jamaica,  Cuba,  Hayti,  St.  Domingo,  Porto  Rico, -St, 
Thomas,  Saata  Oruz,  aod  Antigua ;  tbus  coveriug  very  largely  the  west* 
era  portioDS  of  the  group,  or  the  Greater  and  Lesser  Antilles. 

For  the  parpose  of  obtaioing  at  least  a  general  idea  of  the  other 
islands  more  eastward,  and  of  having  them  represented  in  the  Sfational 
Mnseam,the  Smithsonian  Institution, in  the  fall  of  1876,  made  an  engage- 
ment with  Mr.  Frederick  A.  Ober  to  proceed  to  that  region,  and,  if  pos- 
sible, visit  every  island,  large  and  smalt,  occnpyiug  several  years  in  the 
labor.  The  islands  of  Dominica,  St.  Vincent,  Barbuda,  Antigua,  &c., 
have  been  explored  by  Mr.  Ober  up  to  the  present  date. 

The  subjects  to  which  his  attention  was  especially  called  were  the 
archeoology  and  ethnology  of  the  islands,  and  their  vertebrate  animals. 
He  has  succeeded  in  finding  remnants  of  the  ancient  Carib  tribes, 
especially  in  Dominica,  and  has  obtained  numerous  photographs  of  the 
people  and  specimens  illastrative  of  their  handiwork.  His  collections 
of  birds  have  also  been  very  extensive,  embracing  several  nndescribed 
species,  and  others  of  great  rarity,  or  not  previonsly  represented  in  the 
National  Mnseam. 

Beference  has  been  made,  in  previous  reports,  to  the  large  collections 
made  at  the  Kergaelea  Islands  by  Dr.  J.  H.  Kidder,  while  connected 
with  the  Transit  of  Veaus  Expedition,  Some  important  deficiencies  of 
specimens,  however,  not  procurable  daring  Dr.  Kidder's  visit,  have  been 
obtained,  at  his  request,  by  Oaptain  Fuller,  of  the  merchant  service, 
and  presented  to  the  Institution. 

Bcientijie  invtttigatUm  of  the  collections. — As  in  previous  years,  the 
collections  of  the  ITational  Mnseam  have  been  freely  intrusted  to  com- 
petent natnralists  for  investigation  and  description;  and  much  has 
been  accomplished  toward  their  proper  classification  and  identification. 
Specimens  of  certain  groups  of  mammals  have  been  intrusted  to  Dr. 
Elliot  Coues,  of  the  United  States  Army,  and  Mr.  J.  A.  Allen,  of  Gam- 
bridge,  who  are  preparing  a  series  of  monographs  for  publication,  under 
the  direction  of  Dr.  Hayden,  A  magnificent  quarto  by  these  two  gen- 
tlemen, forming  volume  xi  of  the  Reports  of  the  Government  Surveys 
of  the  Territories,  and  occupying  1100  pages,  is  devoted  exclusively  to 
the  Rodentia,  the  materials  derived  almost  entirely  from  the  National 
Museum. 

Other  important  monographs  on  the  fur-bearing  animals  and  on  the 
JBsectivora  have  been  likewise  prepared  by  them. 

The  birds  of  America  oataide  of  the  United  States,  and  those  of  the 
West  Indies,  have  been  p  laced  in  the  hands  of  Mr.  George  N.  Lawrence 
who  has  published  a  number  of  papers  upon  them,  describing  several 
new  species,  principally  from  the  collections  ofMr.Oberand  of  Mr,  Brace, 
of  Nassau.  Mr.  Ridgwsy,  the  assistant  in  charge  of  the  department  of 
ornithology  in  the  maseum,  has  made  investigations  into  the  scientific 
relations  of  the  raptores,  the  berons,  &o.,  and  published  several  mono^ 
graphs. 

-,  i>Goo»^lc 
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The  mptileB  liave  been  placed  ia  the  hands  of  Prof.  E.  D.  Cope  for 
investigation. 

The  fishes  have  been  elaborated  by  Prof.  Theodore  Gill,  Mr.  G.  Brown 
Goode,  Dr.  T.  H.  Bean,  and  Professor  Jordan.  The  latter  gentleman 
has  prepared  some  important  monographs  relating  to  the  fresh-water 
fishes  of  the  United  States  from  the  specimens  of  the  National  Masenm, 
describing  many  new  species. 

Mr.  William  H.  Dall  baa  had  charge  of  the  Molliisca,  and  has  described 
some  new  speoiea.    Others  have  been  submitted  to  Mr.  Thomas  Bland. 

The  marine  invertebrates  collected  by  the  United  States  Fish  Commis- 
Bion  are  in  the  hands  of  Prof.  A.  B.  Verrill,  of  Tale  Oollege,  the  special 
collaborator  of  the  Commission.  In  their  examination  he  has  been 
assisted  by  Prof.  Sidney  I.  Smith,  of  the  same  institntion.  Extensive 
monographs  are  in  preparation  by  them,  to  be  pablished  by  the  Com- 
mission. 

The  sponges  have  been  sent  to  Professor  Hyatt,  of  Boston,  our  chief 
anthority  on  that  snbject. 

The  fossil  invertebrates  have  been  investigated  by  Prof.  0.  A.  White, 
the  palaeontologist  of  Dr.  Hayden'a  survey. 

In  accordance  with  an  arrangement  of  several  years'  standing,  the 
collections  of  all  vegetable  snbstanoes,  and  of  insects,  have  been  trans- 
ferred, as  received,  to  the  Department  of  Agrioalture,  and  these  have 
been  properly  elaborated  by  the  officers  in  charge  of  the  several  depart- 
ments of  its  mnseam. 

The  ethnological  specimens  have  been  studied  carefully  by  Dr.  Bau 
and  Mr.  Oushing,  in  charge  of  the  department  of  the  ethnological  col- 
lection, Prof.  O.  T.  Mason,  and  others.  Professor  Mason  has  published 
a  paper,  with  numerous  illustrations,  upon  the  collections  from  Porto 
Bico,  in  the  Smithsonian  Beport  for  187G. 

Work  done  in  tke  museum, — The  force  in  the  mnsenm  occupied  in  the 
arrangement  of  the  collections  was  necessarily  diminished  on  account 
of  the  reduction  of  the  Oongressional  appropriation,  but  all  those  re- 
tained have  been  diligently  occupied  in  cataloguing  the  collections,  in 
preparing  and  arranging  them  for  exhibition,  and  in  identifying  and 
describing  them. 

-As  will  be  seen  by  a  table  in  the  appendix,  the  total  number  of  entries 
of  specimens  during  the  year  amounted  to  H,39S,  Although  this  is 
not  quite  equal  to  the  number  recorded  in  1S7G,  it  is  considerably  in 
excess  of  the  receipts  of  any  previous  year. 

The  labor  of  receiving  the  specimens,  ascertaining  their  exact  origin, 
distributing  them  among  the  various  departments,  giving  to  them  the 
treatment  necessary  for  their  permanent  preservation,  and  finally  their 
identification  and  entry,  and  deposit  in  a  suitable  place,  is  very  great; 
no  single  day  passing  witbont  some  fresh  addition  of  material  requir- 
ing all  these  precautions.  It  is,  hovever,  believed  that  the  National 
Museum  will  compare  favorably  with  any  establishment  of  Its  faiud 
in  the  accomplishment  of  this  necessary  work  with  its  actual  force. 
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Diffrtftution  0/ duplicate  specimens. — A  very  large  portion  of  the  labor 
daring  the  year  haa  been  directed  toward  the  selectioD  aod  labeliog, 
recording  and  packing,  of  dnplicate  specimeDS  for  distribntioD,  in  accord- 
ance with  the  act  of  Congress  providing  for  tbe  same. 

In  addition  to  a  large  nnmber  of  single  specimens  or  small  series, 
snpplied  as  the  result  of  special  application,  a  nnmber  of  collections 
bare  been  prepared  embracing  many  extremely  rare  and  desirable  ob- 
lects.  Among  the  most  important  of  these  may  be  mentioned  twenty- 
five  seta  of  fishes,  each  containing  seventy-five  to  one  hundred  and 
fifty  species.  These  have  been  carefully  identified  and  labeled,  under 
the  sapervision  of  Professor  Oill  and  Dr.  Bean,  and  have  conetituted 
extremely  acceptable  additions  to  tbe  mnsenms  to  which  they  have 
been  sent. 

Other  series  of  magnitnde  consist  of  birds'  eggs,  shells,  bird-skins,  &c. 

A  large  nnmber  of  series  of  diatomaceous  earths  have  also  been  sup- 
plied, embracing  forty  or  fifty  different  localities,  many  of  them  oobnowu 
to  tbe  investigator.  Tbe  demand  for  them  is  very  great,  and  taxes  the 
ability  of  the  person  in  charge  to  meet  it. 

If eeessity  of  increased  accommodations  for  the  mwettm. — The  necessity 
for  more  space  has  already  been  adverted  to  in  the  report  for  1870, 
where  ftall  details  will  be  found  on  tbe  subject.  It  may  be  only  neces- 
sary here  to  say  that  tbe  exigency  is  greater  than  ever,  in  view  of  the 
largely-increased  collections  of  the  year  and  tbe  deterioration  caused 
to  tbe  animal  and  metallic  specimens  in  consequence  of  their  being 
boxed  np  and  out  of  the  reach  of  proper  care.  Very  serious  losses  have 
already  been  experienced  in  tlie  collections  of  wools,  animal  fibers,  &c., 
andftvm  tbe  resting  of  tbe  specimens  of  iron  and  steel,  and  it  is  earnestly 
hoped  that  the  next  report  may  chronicle  the  initiation  of  measnres  by 
Congress  for  relief  in  this  direction. 

At  present  it  is  reasonable  to  estimate  that  the  articles  worthy  of 
exhibitiott,  bnt  withdrawn  from  view,  are  several  times  greater  in  extent 
than  those  at  present  displayed,  and  that  a  correspondingly  enlarged 
bnildiog  is  required  for  their  display. 

Thecollections  thus  witbdrawnfh>m  exhibition  consistnotonly  of  those 
most  interesting  to  the  naturalist,  but  also  of  such  as  are  of  the  highest 
indastrial  value  to  the  conntry,  and  will  add  greatly  to  the  means  of  tech- 
nical instmctiou,  embracing  as  they  do  illustrations  of  different  binds  of 
bailding-stone,  ores  of  all  kinds,  earths,  china  and  porcelain  clays  with 
tbe  prodncta  derived  from  them,  illustrations  of  the  animal  products  of 
tbe  country  in  the  way  of  furs,  oils,  gelatines,  glues,  fibers,  hair,  bristles, 
chemical  products,  &c.,  and  a  groat  variety  of  articles  lo  which  refer- 
ence is  made  in  the  report  for  1370. 

FISH  CULTURE. 

The  labors  of  the  United  States  Fish  Commission,  under  Professor 
Baird's  direction,  have  been  proaecnted  throagh  the  year  with  very  sat* 
isfiiclory  resolts.  Ooo^jlc 
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As  in  previous  fears,  the  operations  hare  been  carried  on  ander  two 
distinct  divisions:  first,  tbe  inqniry  into  the  condition  of  tbe  American 
fisheries}  and  secondly,  the  multiplication  of  useful  food-fisbes  in  th« 
rivers  and  lakes  of  the  United  States. 

The  first  division  embraces  a  critical  examination  into  tbe  physical 
and  biological  character  of  tbe  waters,  such  as  the  determination  of 
their  temperature  in  different  seasons,  their  currents,  their  chemical 
composition,  the  character  of  tbe  bottom,  and  the  precise  natare  of  tbe 
animal  and  vegetable  life  occurring  therein,  with  tbeir  mutual  relations ; 
as  also  tbe  infiuences  which  may  tend  to  affect  the  abandance  and  the 
distribution  of  the  fish  in  different  seasons,  whether  by  natural  causes, 
artificial  impediments  or  obstructions,  or  by  excessive  fishing.  Work 
in  this  direction  has  been  conducted  since  1871,  and  has  resulted  ia 
supplying  a  minute  and  satisfactory  knowledge  of  tbe  character  of  tlie 
coast  and  off-sbore  portions  of  tbe  United  States,  from  the  Bay  of  Fnndy 
to  Long  Island  Sound,  and  other  portions  of  the  sea-coast  and  of  the 
lakes  have  been  investigated  in  a  less  elaborate  manner. 

Tbe  operations  in  regard  to  the  propagation  of  food-fishes  relate  espe- 
cially to  the  introduction  of  California  salmon^  Atlantic  salmon,  land- 
looked  salmon,  and  whitefish  into  new  waters,  or  their  multiplication  in 
those  that  bare  been  depleted.  Special  attention,  also,  in  later  years, 
bas  i^een  directed  to  the  Enropean  carp,  a  well  known  and  favorite 
domesticated  fish,  and  promising  to  be  an  important  addition  to  tbe 
food  resources  of  the  United  States. 

The  usual  operations  of  the  Fish  Commission,  in  its  maritime  work 
during  1877,  were  somewhat  modified  by  the  attendance  of  Professor 
Baird  on  the  International  Fishery  Convention  on  the  part  of  Great 
Britain  and  tbe  United  States,  at  Halifax,  by  tbe  request  of  the  Secre- 
tary of  State. 

Under  the  law  of  Congress,  which  directs  all  needed  aid  to  be  for* 
nished,  as  far  as  practicable,  to  the  United  States  Fish  Commission  in 
its  varied  operations,  by  tbe  executive  departments  of  the  government, 
tbe  Secretary  of  the  'Sa\y  has  for  several  years  supplied  a  steamer, 
completely  equipped  for  use,  and  in  the  season  of  1877  a  much  larger 
vessel  than  usual  was  detailed  at  the  request  of  the  Secretary  of  State ; 
this  was  tbe  tug  Speedwell,  an  iron  propeller  of  310  tons  and  of  great 
stancbness,  and  thoroughly  fitted  for  her  work.  She  was  equipped  for 
the  special  service  at  the  nary-yard  in  Portsmouth,  N.  H.,  under  the 
direction  of  Commodore  Ooest,  and  the  scientific  apparatus  formerly 
used  on  board  the  United  States  steamer  Blue  Light  was  transferred  to 
her  at  2tew  London.  She  was  commanded  by  Lieutenant-Commander 
A.  G.  Kellogg,  with  Dr.  T.  H.  Sheets  as  surgeon,  and  Mr.  A.  Y.  Zane 
as  engineer.  The  vessel  reporte<l  for  duty  on  the  Slst  of  July,  at  Salem, 
at  which  point  Professor  Baird  had  been  stationed  for  a  month,  engaged 
in  the  preliminary  work  of  the  commission  prior  to  proceeding  to  Hali- 
fax.   This  consisted,  in  part,  in  tbe  collection  of  statistical  information 
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io  regard  to  the  present  condition  of  the  Ameriean  fisheries,  for  which 
purpose  circnlars  were  printed  and  diatribated  very  extensively  along 
the  ooaet,  and  several  competent  agents  were  detailed  for  making  the 
necessary  inquiries. 

As  in  previoDS  years,  Prof.  A.  E.  Yerrill,  of  Tale  College,  assisted  by 
Hr.  E.  B.  Wilson,  took  special  charge  of  the  investigations  io  regard  to 
the  marine  invertebrates,  while  Mr.  Q.  Brown  Qoode  and  Dr.  T.  H. 
Bean  discharged  a  similar  relation  to  the  vertebrates.  A  namber  of 
trips  were  made  by  the  vessel  from  Salem,  which  resalted  in  the  dis- 
covery of  some  new  and  extensive  fishing-groands  of  mnoh  valne,  which 
it  is  believed  will  in  time  be  utilized  in  the  interest  of  the  American 
flsberies. 

'  Professor  Bainl  proceeded  to  Halifax  about  the  middle  of  August, 
where  he  was  Joined  by  the  Speedwell  on  the  22d,  from  which  point  a 
new  series  of  researches  was  carried  en  tending  to  still  further  elneidate 
the  flsberies  of  tbe  United  States  and  of  ttie  British  possessioos. 

The  opportunity  famished  by  the  presence  of  many  intelligent  fisher- 
men and  other  witnesses  called  on  both  sid  es  by  the  convention,  was 
embraced  by  Professor  Baird  to  aecnre  information  in  regard  to  the 
condition,  extent,  and  location  of  the  American  fisheries  and  the  details 
of  their  proseoation,  and  enabled  bim  to  collect  material  for  an  ex- 
baastive  work  on  the  subject,  to  be  published  at  some  fntnre  time  in 
tbe  report  of  tbe  commission. 

Professor  Baird's  do  ties  in  Washington  required  his  retorn  from 
Hali&z  a  short  time  before  the  close  of  the  convention,  and  be  left  on 
tbe  20th  of  October  for  home,  the  steamer  Speedwell  having  proceeded 
to  Salem  on  the  13tb  ;  and,  after  remuning  a  few  days  and  carrying  on 
some  investigatiODS  in  regard  to  tbe  habits  and  distribution  of  tbe  sea- 
herring,  she  reported  herself  at  Portsmouth  and  was  taken  out  of  com- 


The  season  of  1877  was  annsually  productive  in  tbe  increase  of  our 
knowledge  of  the  natural  history  of  tbe  coast;  a  namber  of  species 
having  been  added  to  previous  lists,  a  considerable  proportion  new  to 
science. 

The  work  of  the  commission  in  the  direction  of  the  propagation  of 
food-fishes  began  in  April  with  the  shad,  an  establishment  having  been 
formed  at  Havre  de  Grace,  in  the  Sasqnehanna,  where  11,000,000  of 
young  shad  were  batched  out  and  distributed  thronghont  the  United 
States.  During  this  season  an  entirely  new  system  of  hatching  shad, 
invented  by  Mr.  T.  B.  Ferguson,  fish  commissioner  of  Maryland,  was 
pat  into  saccessfal  operation.  In  this  tbe  necessary  motion  required  by 
tbe  eggs  is  imparted  by  steam  machinery,  which  causes  a  cylindrical 
vessel  in  which  tbe  egga  are  placed  to  rise  and  fall  in  the  water  with  a 
proper  degree  of  velocity.  In  this  way  many  practical  diEBcaltiea  in 
the  hatobing  of  shad  in  open  bays  and  elsewhere  are  overcome. 

Tbe  work  of  hatching  shad  at  Havre  de  Grace  was  prosecuted  with 
the  assistance  of  Mr.  Ferguson,  while  tbe  shipment  and  distribution  of 
4  S 
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tli«  yoDng  fish  was  direoted  by  Mr,  J.  W.  Miitux,  ABaiatant  United 
States  Fish  Oosimlesionflr. 

After  completing  operatioDS  at  Havre  de  Grace,  the  eonnuBsioD, 
ander  Mr.  MilDer,  transrerred  ita  operatioDS  to  Hol;«be,  id  Massscha- 
Mtto,  wbicb  resolted  lu  abont  tbe  avert^fe  snccess. 

Tbe  yield  of  eggs  of  the  Caltfornia  salmon  ftom  tbe  United  States 
establishment  situated  on  the  HvClond  River,  In  Kcrtbera  Oalifomia, 
was  not  so  large  as  asaal,  in  conseqnenee  of  the  intwfereDee  with  the 
upward  ran  of  the  Heb  by  some  caaning  eotablisbmenta  on  tbe  Lower 
Sacramento.  Between  five  and  six  millions  of  eggs,  however,  were  M> 
cored  and  duly  distributed.  These  were  sent  to  all  parts  of  the  United 
States,  as  also  to  Canada,  Australia,  Xew  Zealand,  the  Sandwi^  Isl- 
ands, Germany,  Fraooe,  England,  and  the  Nettaerlands. 

Nothing  was  done  during  the  year  with  the  Atlantic  salmon,  tUt^ioa^ 
tbe  eBtablishment  at  Baoksport  was  kept  in  repair. 

Unnraal  saecess  was  experienced  in  the  collection  of  eggs  of  the  land- 
locked salmon  in  the  Grand  I«ke  Stream  in  Eastern  Maine,  aboat  two 
millions  having  been  secared  and  distributed  to  fish  oommiasioners  »nd 
other  parties  in  a  large  natober  of  States.  This  work  was  ppcacocted 
in  co-operation  wilA  the  fieb  oommissioDers  of  Uassaobosetts  ««d  Oon- 
necticut,  who  bore  a  share  of  the  expease. 

In  the  early  part  of  tfae  year  Mr.  Badol^  Hessel,  aa  eipnimoad  Osb 
culturist,  was  sent  to  Germany  to  obtain  a  snpply  of  tbe  Oeiman  carp, 
and  he  brought  book  seveisl  hundred  of  the  best  vatietJea.  These  were 
placed  temporarily  in  certain  ponds  in  Druid  Hill  Park,  Baltkime,  on- 
der  tbe  oare  of  Mr.  T.  B.  Fergusen. 

For  Che  farther  Creatneut  of  tbesefish,  andthemultiplieation-of  enffi- 
dent  nnmbeiB  to  uotnineDce  distributing  then  threnghont  Hk  CTotted 
Btates,  Congress,  in  tbe  latter  part  «f  tbe  year,  granted  to  tbe  ooamis- 
tion  tbe  nse  of  tlie  ponds  on  tbe  Monnment  lot,  in  tbe  city  of  Washing- 
ton, and  made  «n  appropriation  to  fit  them  ap  property.  Woric  has 
been  begnn  upon  these  ponds,  and  it  is  hoped  that  in  tbe  coarse  of  tbe 
year  1S78  a  saccessftal  beginning  nay  be  made  in  tbe  way  ef  distiiba- 
tion  of  fish  from  them. 

The  labors  of  tbe  United  States  Fish  Commission  can  scarcely  ^  too 
highly  estimated.  A  very  large  and  increasing  portion  of  hsman  IHe  is 
Bnatained  by  tbe  product  of  tbe  water,  especially  of  shores  and  rivers. 
Organic  matter  necessary  to  the  austeutation  of  life  is  produced  by 
radiation  from  tbe  sun  in  connection  with  plants,  bat  a  lai^  portion  of 
this  is  carried  into  tbe  waters  of  rivers  and  that  of  tbe  sea,  by  rawage 
And  drainage,  and  can  only  be  reclaimed  for  hnman  nse  by  the  produc- 
tion of  fishes.  Hence,  with  tbe  increase  of  population  of  civlliaed  coun- 
tries, tbe  art  of  breeding  and  catching  fish  becomes  as  important, 
almost,  QS  the  extension  of  arable  land  and  the  improvenent  of  agri- 
culture. Indeed,  it  becomes  in  some  respects  morevalnablethau  these, 
^nce  it  supplies  food  differing  from  that  of  the  land;  and,  therefore, 
adds  to  the  variety  of  the  means  for  gratifying  the  palate. 
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The  improvemoQt  which  has  been  made  in  the  art  of  prodnciog  fish  i& 
tmly  voaderful.  Bivera,  ponds,  and  lakes  which  are  almost  entirely 
banenor  inhabited  only  by  fish  of  bat  little  valno  may  be  filled  to  reple- 
tion and  kept  fall  by  judicioos  arrangement  of  the  time  of  catcbiag. 
The  rales,  however,  for  the  art  of  fiah  coltnre  are  founded  on  Bcientiflo 
observations  relative  to  the  oatBral  history  of  fish,  and  especially  in 
regard  to  one  principle,  namely:  that  nature,  to  preservA  a  species,  ia 
prodi^  in  the  prodnction  of  individnals.  This  is  especially  trae  in 
regard  to  fishes;  f<a  example,  from  a  single  shad  may  be  stripped  10,000 
egga  which,  being  left  exposed  to  all  the  enemies  to  which  they  are  sub- 
jected, will  yield  not  more  than  50  yoang  iodividuals  able  to  feed  them- 
selves, and  not  more  than  9  adalt  fish  capable  of  reprodnctioo,  while 
tbe  same  number  of  eggs  hatched  by  artificial  means  ought  to  yield 
9*500  young  fish,  with  a  reasonable  expectation  of  950  adalts. 

Tbe  Bnbjeot  of  fish  colture  has,  however,  but  lately  attracted  the 
attention  of  the  general  goTemmeot,  the  first  small  approx>riation  in 
regard  to  it  having  been  made  in  1872.  It  has,  boweVer,  been  extended 
year  by  year  by  small  additional  appropriations,  and  has  now  attracted 
each  attention  that  the  country  will  deqjand  a  still  wider  extension  of 
its  labors. 

Iq  this  connection  I  would  draw  attention  to  the  immeuse  importance 
of  t^e  ^tional  Masenm  as  an  edpoatJonal  establishment.  Specimens  of 
every  variety  of  fish  in  the  different  WAters  of  tbe  United  States  ate  sent 
by  the  employes  of  the  Fish  Commission  to  Washington  in  a  fresh  oon> 
dition,  and  from  them  molds  are  immediately  made  in  plaster  from 
which  again  models  are  cast  and  painted  to  give  exact  representations 
in  form  and  color  of  the  orijpaal  specimens.  In  this  way  in  tbe  course 
of  a  lioiited  time  a  full  set  of  all  the  edible  fish  of  North  America  will 
t>e  obtained,  as  well  as  models  of  those  of  a  similar  character  from  other 
CQODtries.  In  addition  to  this,  the  Xatioual  Museum  has  now  in  its 
possession  ready  for  exhibition  when  a  new  building  sbnll  be  provided, 
specimens  of  all  the  apparatus  nsed  in  all  the  ditfcrent  countries  of  the 
world  for  the  capture  and  ntilization,  as  well  as  the  propagation  of  fish. 

The  importance  of  such  a  collection  as  a  means  of  diffnsing  and  im- 
proving practical  ideas  can  scarcely  be  too  highly  estimated. 

C0H0UJ9I0W. 

It  vill  be  seen  firom  the  report  of  Professor  Baird  that  a  large  amount 
of  bis  time  has  been  expended  in  labor  for  the  geoernl  government,  in 
relation  to  American  fisheries. 

Almost  from  tbe  first  organization  of  tbo  Institntioo  until  the  present 
time  tbo  oflBcera  of  tlie  Institution  have  rendered  service  to  the  general 
government  without  additional  salary.  For  several  years  past  the  Sao- 
retary  has  devoted  the  greater  part  of  tbe  sammer  to  investigations  oa 
soand  in  its  application  to  fog-signals,  in  connection  with  the  Light- 
fioDse  Board. 

LijitzectvGooj^lc 
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These  investigations  have  been  made  along^  the  coast  oti  ligbt-lionse 
steamers,  with  tbe  assistance  of  members  and  offlcera  of  the  ligbt-booae 
eatablishmeDt.  Dariog  tbe  last  year  a  aeries  of  experiments  were  made 
along  tbe  coast  of  Maine,  wbicb  served  to  establish  some  new  principles, 
as  well  as  to  confirm  previons  resalts. 

From  all  the  experiments  which  have  been  made  by  the  Ligbt-Honse 
Board  in  regard  to  the  transmission  of  sonnd  in  free  air  and  those 
derived  from  other  observations  which  can  be  fnlly  relied  upon,  tbe 
following  conclnsiona  may  be  considered  established,  sabject,  however, 
to  sach  farther  modification  and  extension  as  anbseqneut  investigation 
may  seem  to  indicate: 

"  1.  Tbe  audibility  of  sonnd  at  a  distance  (tbe  state  of  tbe  atmosphere 
being  constant]  depends  apon  the  cbarscter  of  the  sonnd.  Tbe  distance 
through  vhich  a  sound  may  be  heard  is  governed  by  tbe  pitch,  tbe 
loudness,  and  tbe  quantity  of  sonnd.  Tbe  pitch  or  frequency  of  the 
impulses  in  a  given  time  must  not  be  too  high,  otherwise  the  amplitude 
of  vibration  will  be  too  small  to  allow  a  sufficient  quantity  of  air  to  be 
])ut  into  motion ;  neither  must  tbe  pitch  be  too  low,  for  in  this  case  the 
motion  of  tbe  atoms  of  air  in  tbe  sound-wave  will  not  be  anflQcien tly  rapid 
to  convey  tbe  impulse  to  a  great  distance.  Again,  tbe  greater  tbe  loud- 
ness of  tbe  sound,  which  depends  upon  the  amplitude  of  the  vibrations 
of  tbe  sounding  body,  tbe  greater  will  be  tbe  distance  at  which  it  will  be 
hoard.  And  finally,  the  greater  tbe  quantity  of  soaud,  which  depends 
npou  tbe  magnitude  of  tbe  vibrating  surface,  tbe  greater  will  be  the 
distance  to  which  it  is  audibly  transmitted.  These  results  are  derived 
from  observations  on  the  siren,  the  reed-trumpet,  and  tbe  automatic 
bnoy.  The  effect  of  quantity  of  sound  is  shown  in  the  fact  that  in 
sounding  different  instruments  at  the  same  time,  it  was  found  that  two 
sounds  apparently  of  the  same  loudness  were  heard  at  very  different 
distances.  The  audibility  of  sound  depends  upon  the  state  of  tbe 
atmosphere. 

2.  A  condition  moat  favorable  to  the  transmission  of  sonnd  is  that  of 
perfect  stillness  and  uniform  density  and  temperature  tbrongbont. 
This  is  shown  by  tbe  observations  of  Parry  and  other  Arctic  explorers; 
although  in  this  case  an  efficient  and  co-operating  cause  is  doubtless 
the  downward  refi'aGtion  of  sound  due  to  the  greater  coldness  of  the 
lower  strata  of  air,  as  first  pointed  oat  by  Professor  Beynolda.  Air, 
however,  is  seldom  in  a  state  of  uniform  density,  bat  is  pervaded  by 
local  currents,  due  to  contact  with  portions  of  the  earth  unequally 
heated,  aud  from  tbe  refractions  and  refiections  to  which  the  sound- 
wave la  aubjected  in  its  passage  through  such  a  medium  it  is  broken  up 
and  lost  to  tbe  ear  at  a  less  distance. 

3.  Bat  the  most  efficient  cause  of  the  loss  of  audibility  ia  tbe  direct 
effect  produced  by  the  wind.  As  a  general  rule,  a  sonnd  is  beard  far- 
ther when  moving  with  the  wind  than  when  moving  against  it.  This 
effect,  which  is  in  conformity  with  ordinary  observation,  is  not  due  to 
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an  increase  of  Telocity  of  the  eoattd-vare  in  one  direction  and  a  dimi- 
natioo  in  tbe  other  by  the  Dootioa  of  the  wind  except  in  an  imperceptible 
degree;  for  aince  soand  moves  at  the  rate  of  aboat  seven  hundred  and 
fifty  miles  an  hoar,  a  wind  of  seven  miles  and  a  half  an  bone  could  in- 
crease or  diminish  the  velocity  of  the  sound-wave  only  one  per  cent., 
while  the  effect  observed  ia  in  some  cases  several  hundred  per  cent.  It 
is,  however,  due  to  a  change  in  its  direction.  Sound  moving  with  the 
vrind  is  refracted  or  thrown  down  toward  the  eatth ;  while  moving 
against  the  wind  it  is  refracted  apward  and  passes  over  the  head  of  the 
observer,  so  as  to  be  beard  at  a  distance  at  an  elevation  of  several  huu. 
dred  feet  when  inaudible  at  the  surface  of  the  earth. 

4.  Although,  as  a  general  rule,  the  sound  is  heard  farther  when  mov- 
ing with  the  wind  than  when  moving  against  it,  yet  in  some  iustances 
the  sound  is  heard  farthest  against  the  wind,  but  this  phenomenon  is 
shown  to  be  due  to  a  dominant  npper  wind,  blowing  at  the  time  in  an 
opposite  direction  to  that  at  the  surface  of  the  earth.  These  winds  are 
not  imaginary  productions  ioveuted-to  explain  the  phenomena,  but 
actaal  existences,  established  by  observatioo,  as  in  the  case  of  the  ex- 
periments made  at  Sandy  Hook  in  1874,  by  means  of  balloous,  and  from 
the  actual  motion  of  the  air  in  the  case  of  northeast  storms,  as  observed 
at  stations  on  the  coast  of  Maine. 

5.  Although  sound  issuing  from  the  mouth  of  a  trumpet  is  at  first  con- 
centrated in  a  given  direction,  yet  it  tends  to  spread  so  rapidly,  that  at 
the  distanceof  three  or  four  miles  it  fills  the  whole  space  of  air  inclosed 
within  the  circuit  of  the  horizon,  and  is  beard  behind  the  trumpet  nearly 
as  well  as  at  an  equal  distance  in  fh>nt  of  its  mouth.  This  fact  pre- 
cludes the  use  of  concave  refiectors  as  a  means  of  increasing  the  iuten. 
nty  of  sotind  in  a  given  direction ;  for  although  at  first  they  do  give  an 
increase  of  sound  in  the  direction  of  the  axis,  it  is  only  for  a  compara- 
tively short  distance. 

6.  It  has  been  established,  contrary  towliat  has  formerly  been  tbongbt 
to  be  the  ease,  that  neither  fog,  snow,  hail,  nor  rain  materially  interferes 
with  the  transmission  of  loud  sounds.  The  siren  has  been  beard  at  a 
greater  distance  during  the  prevalence  of  a  dense  and  widely-extended 
fog  than  during  any  other  condition  of  the  atmosphere.  This  may,  how. 
ever,  be  attributed  to  the  uniform  density  and  stillness  of  the  air  at  tbo 
time. 

7.  In  some  cases  sound-shadows  are  produced  by  projecting  portions 
of  land  or  by  buildings  situated  near  the  origin  of  the  sound,  but  these 
are  closed  in  by  the  spread  of  the  sound-waves,  and  thus  exhibit  the 
phenomenon  of  sound  being^  heard  at  a  distance  and  afterwards  lost  on 
a  nearer  approach  to  the  station. 

8.  It  frequently  happens  that  on  a  vessel  leaving  a  station  the  sound 
is  suddenly  lost  at  a  point  la  its  course,  and  after  remaining  inaudible 
some  tJme,  is  heard  again  at  a  greater  distance,  and  is  then  gradually 
lost  as  the  distance  is  farther  increased.  This  phenomenon  ts  only  ob- 
served when  the  sound  is  moving  against  the  wind,  and  is  therefore 
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attribated  to  the  upward  refractloa  of  the  Bonod-vare,  vliicb  paraeB 
over  the  head  of  the  observer  antf  <!0QtiDne8  an  npwsi'd  coarse  nnttl  it 
dearly  reaches  the  apper  aurfbce  of  the  carreot  of  wind,  when  the  refrac* 
tlon  will  be  reversed  and  tbe  Boond  wot  dowirwan)  to  the  earth ;  or 
the  effect  miiy  be  considered  as  doe  to  a  sonDd-shadow  prodaced  by  vb- 
ftvctioD,  wfaieh  is  gradaalty  closed  in  art  a  distance  by  the  ladetHI  BtHnrad 
of  tbe  sonnd-ffttve  near  the  earth,  on  either  side,  In  a  dfreetfon  ifhiob 
in  not  affected  by  the  upward  refraction.  Anotber  eTplaoatloD  may  be 
ibnnd  in  tbe  probable  drcamstance  of  the  lower  sheet  of  soand-beams 
being  actually  refracted  into  a  serpentine  or  nndnlating  conrse,  as  sug- 
gested in  the  Appendix  to  tbe  Beport  of  tbe  Ligfat-Hoase  Board  iix  1873. 
Bach  a  serpentine  conree  wonld  result  from  succeseive  layers  of  unequal 
velocity  in  an  opposing  wind;  as  being  retarded  at  and  near  the  sur- 
face of  tbe  earth,  attaining  its  maximum  velocity  at  tbe  height  of  a 
few  hundred  feet,  and  then  being  again  retarded  at  greater  elevations 
by  the  friction  of  npper  counter-currents,  or  stationary  air.  In  some 
cases  tbe  phenomenon  is  due  to  one  or  the  other  of  these  causes,  and  in 
other  cases  to  both  combined.  That  it  is  not  due  to  the  obstructing  or 
ccreeuing  effects  of  an  abnonnnl  condition  of  tbe  atmosphere  is  shown 
by  tbe  fact  that  a  sound  transmitted  in  an  opposite  direction,  throngfa 
what  is  called  the  region  of  silence,  passes  n-ithont  obstruction-  It  is 
probable,  from  all  tbe  observations,  that  in  all  cases  of  infraction  of  a 
eonnd  moving  against  the  wind,  it  tends  again  to  descend  to  the  earth 
by  tbe  natural  spread  of  the  sound. 

9.  The  existence  of  a  remarkable  phenomenon  has  been  established, 
which  is  exhibited  In  all  states  of  the  atmosphere  during  rain,  snow, 
and  dense  fog,  to  which  has  been  given  tbe  name  of  aerial  echo.  It  con- 
sists of  a  distinct  echo,  apparently  from  a  space  near  tbe  horizon  of 
fifteen  or  twenty  degrees  in  azimuth,  directly  in  the  prolongation  of  tbe 
axis  of  tbe  trumpet.  The  louduess  of  this  echo  depends  upon  thelond- 
nesa  and  quantity  of  tbe  original  sound,  and  thereibre  it  is  produced 
with  (be  greatest  distinctness  by  the  sireu.  It  cannot  be  dne  to  tbe 
accidental  position  of  a  floccnient  portion  of  atmosphere  nor  tbe  direct 
reflection  from  the  crests  of  the  waves,  a»  was  at  first  supposed,  since 
it  is  always  heard  except  when  tbe  wind  is  blowing  a  hurHcane. 

As  a  provisional  explanation,  the  hypothesis  has  been  udoptcd  that 
in  tbe  natural  spread  of  the  waves  of  sound  some  of  tbe  rays  must  take 
snch  a  oarvilinear  course  as  to  strike  the  surfece  of  the  water  in  an 
opposite  direction  and  thus  be  reflected  back  to  tbe  station  or  location 
of  the  origin  of  the  soand." 


Respectfully  snbmitted. 

JOSEPH  HENRY, 
Secretary  SmUhaonitm  IniHtntion. 
WASHIHaTOn,  January,  1878. 
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APPENDIX  TO  THE  REPOET  OF  TBE  SfiGRBTARY. 

GOVEKNUENT  EXPLOBAIIONS  IX  LS77. 

In  accordance  with  the  law  of  organization  of  the  Ibstitutioo,  all  the 
specimens  that  are  brongbt  to  Washington  by  the  various  goTerniueDt 
Burreys  and  expeditions  are  tarned  over  to  the  National  Museam  in 
charge  of  the  Smithsonian  Institution,  and,  therefore,  accounts  are  hero 
given  of  the  Oovernment  explorations  dnnug  the  past  year  under  the  di- 
rection of  Professor  Hayden,  Professor  Powell,  and  Lieutenant  Wheeler, 
forDished  by  the  directors  of  the  explorations. 

THB  WOBK  OP  THE  UMTED  STATES  QEOLOQTCAL  AND  GBOQBAPHIOAL 
ST7BTET  OF  THE  TEBEITOHIBS,  ONDEH  THE  DIEECTIOW  OF  PROF.  P. 
V.  HATDEN,  DUBraa  THB  SEASON  OF  1877. 

On  the  completion  of  the  work  in  Colorado  in  1876,  it  was  determioed 
that  the  work  should  coutinue  northward  into  Idaho  and  Wyoming 
Territories.  Tlie  belt  of  country  along  the  fortieth  parallel,  including 
the  Union  PaciHo  Railroad,  liaviog  been  explored  in  detail  by  the  snr> 
vey  of  the  fortieth  parallel  under  Clarence  Eiog,  it  was  deemed  best  to 
commence  at  the  northern  boundary  of  that  work  and  continue  north- 
ward and  westward. 

The  surrey  was  divided  into  &ve  parties  for  field,  geological,  and  topo- 
grapbical  work,  besides  several  parties  for  special  investigation.  The 
following  notes  present  the  salient  features  of  the  summer's  work : 

ProHarjf  trUingulation. — The  primary  triangulation  party  in  charge 
of  Mr.  A.  D.  W  ilsou,  chief  topographer  of  the  survey,  took  the  field  from 
Rawlins  Springs,  Wyo.  Se&t  this  place  a  base-line  was  carefully  meas- 
ured and  fh)m  this  a  net- work  of  triangles  was  extended  to  the  north 
and  west.  After  completing  the  work  in  the  vicinity  of  Rawlins,  the 
party  marched  northward,  making  stations  on  Seoiiuoe  and  Whiskey 
Peaks,  and  thence  traveled  westward  to  Yellow  Butte,  where  another 
station  was  located.  From  thiii  point  the  work  was  carried  to  the  Wind 
Biver  Range.  Three  stations  were  made  on  the  more  prominent  points 
of  this  range  with  much  difficulty,  owing  to  the  great  quantities  of  snow 
foaml  in  these  mooutaiDS  during  the  month  of  June— the  time  the  party- 
was  working  there. 

Continning  the  work  northward  and  westward,  stations  were  made 
on  the  Orosveutre  and  Wyoming  Ranges  and  on  Caribou  Mountain  and 
Monnt  Putnam  near  Fort  Hall.  After  refitting  at  the  latter  place  the 
party  marched  south  via  Soda  Si)riDgB  to  the  valley  of  Bear  Lake,  where 
another  baseline  was  measured  and  connected  with  the  work  as  brought 
forward  from  the  Rawlins  base. 

After  occupying  Mount  Prenss,  Soda,  Pans,  and  North  Logan  Peaks^ 
the  party  msrcbed  to  Evanston  where  a  connection  was  made  with  the 

=^  ^  ^1  . 
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astTonomical  station  made  at  tbla  point  by  tbe  boQDdary  aarrey  of  Wyo- 
miug.  Stations  were  also  made  on  Medicine  Batte  and  Ogden  Peak, 
thus  connecting  with  tbe  primRry  triaogntation  of  the  fortieth  parallel 
sarvey.  From  Evanston  the  party  moved  eastward,  occupying  Pilot 
and  Black  Bnttes,  again  Tiaiting  Separation  Peak  Dear  Bawlins,  thas 
bringing  the  work  back  to  the  point  of  begiuoing  where  the  party  was 
disbanded  and  tbe  train  sent  into  winter  quarters  at  Cheyenne. 

Mr.  WilBon  has  finished  the  preltmioary  computations  of  his  work, 
and  a  chart,  showing  tbe  results,  has  been  published.  Tweuty-stx  points 
were  occupied,  while  mauy  others  were  located  by  foresights,  amoug 
them  the  Grand  Tfiton  and  Washakie  Needles. 

The  triangulation  covered  au  area  of  abont  28,000  square  miles,  exteod- 
iog  from  loogitade  107°  to  113°  and  between  north  latitude  11°  IC  and 
43°  50'. 

Stoue  monuments  were  built  on  all  occupied  points  for  future  refer- 
ence, and  when  tbe  final  computations  are  made,  the  latitude  and  longi- 
tude of  all  these  points  will  be  given,  with  azimuths  and  distances 
between  the  points. 

Topooraphy.—Tbe  topographical  fleld-work  of  the  past  season  was  car- 
ried on  by  three  parties,  to  each  of  which  a  definite  area  was  assigned  to 
be  surveyed.  These  areas  were  approximately  in  the  form  of  rectangles, 
limited  by  meridians  and  parallels  of  latitude.  Bach  of  them  contained 
abont  11,000  sqaare  miles.  That  assigned  to  tbe  Teton  division,  in 
charge  of  Mr.  G,  B.  Becbler,  lay  between  the  meridians  of  109°  SC  and 
112°  and  the  parallels  43°  and  41°  15'.  This  area  comprises  nearly  all 
tbe  country  about  the  sources  of  Snake  River,  includiug  the  very  rugged 
range  of  the  Teton  Mountains  and  the  northern  half  of  tbe  Wind  Biver 
Mountains.  From  tbe  character  of  the  country,  being  nearly  all  moun- 
tainous, and  much  olistructed  by  living  and  fallen  timber,  work  was 
necessarily  stow,  yet  Mr.  Bechler  succeeded  in  surveying  nearly  6,000 
square  miles  up  to  the  early  part  of  September,  when  be  was  obliged  to 
stop  work  and  leave  the  country,  owing  to  the  proximity  of  Joseph's 
baud  of  hostile  Indians.  About  one-third  of  the  area  surveyed  by  this 
division  lies  south  of  the  Snake  and  west  of  Salt  River.  The  remainder 
includes  tbe  greater  part  of  tbe  most  rugged  mountains,  among  them 
tbe  TetODS  and  a  portion  of  the  Wind  Biver  Bange. 

That  portion  of  tbe  district  lying  south  of  Snake  Biver  consists  of  the 
northern  ends  of  two  mountain-ranges,  known  as  the  Blackfoot  and 
Caribou  ranges,  with  their  adjaceut  valleys.  These  ranges  have  tbe 
normal  trend ;  are  here  scarcely  high  enough  (6,000  to  8,000  feet  above 
sealevel)  to  be  dignified  with  the  name  of  mountains,  and  are  bare  of 
timber  and  grass-covered.  All  this  section  is  flue  grazing-Iand,  and  in 
tbe  valleys  are  large  areas  of  arable  land. 

North  of  the  Snake  are  several  fine  valleys,  well  watered  from  the 
Bnow-fields  of  the  high  mountains,  among  which  are  Pierre's  and  Jack- 
son's Holes ;  but  the  mass  of  the  country  is  made  up  of  mountains. 


APPESDIX  TO  BEPOBT  OF  THE  SECSETART.        57 

As  a  role,  tbe  valleys  are  norrov,  mere  cidlODa  in  very  many  cases.  The 
moDDtaios  are  everywhere  heavily  timbered  with  pioe  and  spruce. 

Daring  the  season,  Mr.  Bechler  ooonpied  60  stations,  and  measured 
7,310  liorizoDtal  and  5,700  vertical  angles. 

Tbe  area  assigned  to  tbe  Green  Hiver  division,  in  charge  of  Mr,  Heory 
Gannett,  lay  between  the  meridians  of  lOS^  3V  and  112°  Off  and  tbe 
parolleJa  of  latitnde  of  41°  16'  and  430  00',  being  direotly  sontb  of  that 
of  the  Teton  division.  This  district  inclades  tbe  northern  half  of  tbe 
Green  Biver  Basin  ;  nearly  all  the  drainage  area  of  the  Bear,  and  sev- 
eral large  branches  of  the  Snake,  comprising  portions  of  the  three 
Territories  Wyoming,  Idaho,  and  Utah.  The  oonntrr  being  especially 
well  adapted  to  this  class  of  surveying,  work  was  poshed  veiy  rapidly, 
so  that,  after  finishing  his  district,  Mr.  Gannett  was  enabled  to  carry  the 
work  westward  over  tbe  valleys  of  the  Fortnenf  and  Matade,  with  their 
bonndiog  ranges. 

With  tbe  exception  of  tbe  Green  Biver  Basin,  which  is  a  broad,  flat 
expanse  of  sage  and  grass,  the  country  consists  of  a  succession  of  par- 
allel ranges  of  mountains,  with  the  normal  Rocky  Mountain  trend,  sep- 
arated by  broad  valleys.  The  valleys  are  fertile,  and  easily  irrigated, 
while  everywhere  there  is  a  bountiful  supply  of  water.  The  average  ele- 
vation of  these  valleys  is  from  1,000  to  6,000  feet,  while  the  mountains 
rise  to  heights  ranging  from  8,000  to  11,000  feet 

The  lower  mountain-ranges  are  grass-covered,  while  the  higher  ones 
are  well  timbered,  in  some  cases  even  densely  timbered,  with  heavy 
spmoe  and  pine.  Tbe  area  of  irrigable  laud  is,  by  a  rough  estimate,  ten 
per  cent,  of  the  district,  while  at  least  three^fonrths  of  it  is  suitable  for 
grazing.  In  surveying  this  area,  Mr.  Gannett  made  317  stations  of  nil 
grades  of  importance,  building  monuments  on  53  of  the  principal  ones 
for  future  reference  by  the  land  surveys,  or  other  purposes. 

The  district  assigned  to  tbe  Sweetwater  division,  under  Mr.  George 
B.  Chittenden,  lay  between  meridians  107<3  00*  and  109°  30'  and  parallels 
11°  IS'  and  ISO  00',  being  east  of  that  last  described.  It  includes  the 
soathem  half  of  the  Wind  Biver  Bange,  tbe  valleys  of  Wind  Biver  and 
the  Sweetwater,  with  the  Sweetwater  Mountains  and  the  desert-like 
plateaus  about  the  continental  divide  soulh  of  the  latter.  Of  this  area 
nearly  all  or  between  10,000  and  11,000  square  miles  were  surveyed. 
Of  this  district,  a  roagh  estimate  makes  five-eighths  desert  country,  two 
eighths  mountainous,  of  value  only  for  its  timber,  or,  hypothetical  ly,  for 
its  mineral  contents,  and  one-eighth  only  valuable  as  pastnre  or  agricul- 
tural land.  In  surveying  this  area,  Mr.  Chittenden  made  nearly  200 
stations.  Between  80  and  00  of  these  were  marked  permanently  by 
stone  monuments  for  future  reference. 

As  heretofore,  attention  has  been  paid  to  tbe  economic  value  of  thtj 
land  Borveyed.  Map  notes  and  sketches  indicate  the  extent  of  lau<  > 
suitably  situated  for  irrigation,  and  as  all  streams  of  any  magnitude  ar-. . 
gauged,  and  their  slopes  measured,  the  data  for  estimates  of  the  amonn  '. 

oqIc 
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of  arable  laud  am  a«  hsad.  Areas  of  pMtaM  and  timber  laud  ate  also 
noted. 

DniDg  the  whole  mcsoq,  oi  torn  laeutbe'  damtiont  tbe  weatber  was 
uuezceptioDBbly  favorable  for  the  proHcntioD  of  tbe  work,^  sowealf  a 
dB^  was  lost  from  bad  weather  bj  any  of  tbe  partiwt 

The  total  area  surveyed  ftnriDg  tbe  seaeea,  and  to  be  mapped  daring 
tba  wtatec,  was  iMMot  29,000  sqoare  miles,  a  very  ooaiiderable  additioD 
to  our  knowledge  of  Ibe  Western  conntry. 

la  Boeceediag  yearn  the  work  is  to  be  exteoded  toward  tbe  Dorth, 
east,  and  west. 

Gwlojy.— The  geological  fleld-work  of  tbe  snrvey  ftr  1877  was  a«- 
atgaed  to  Dr.  F.  M.  Endllcb,  Prof.  Orestes  H.  St.  John,  and  Dr.  A.  G. 
Feale,  in  the  Sweetwater,  Teton,  and  Green  Biver  distriots  respectivdy. 
Many  interesting  geological  facts  were  observed  winch  will  be  detailed 
in  the  annnal  report  of  tbe  survey. 

Tbe  Sweetwater  district  comprised  a  well- diversified  country.  Tbo 
eastern  portion  of  the  Green  Biver  Baeia  was  fonnd  to  be  onderiaid 
with  Tertiary  formations,  with  isolated  volcanic  ernptioDS  at  several 
points.  The  prevailing  westerly  winds  of  tbe  region  have  resnlted  in 
tbe  formation  of  sand  dunes  wherever  the  ecwflgnratioD  of  the  coaotry 
has  offered  an  obstacle  to  the  progress  of  tbe  sand  th(^  is  fbnned  from 
the  readily  disintegrating  Tertiary  sandstones.  On  the  eastern  side  of 
the  Wind  River  Monutaios  a  full  series  of  the  sedimentary  ffmnations 
was  noted,  beginning  with  the  Silurian,  and  namerons  stratigrapbieal 
phenomena  were  observed  and  stadied  with  a  view  to  tbe  detemioa- 
tion  of  the  age  of  tbe  monatain-raiige. 

Camp  Stambangfa,  at  tlie  soatfa  eod  of  the  range,  is  located  within 
tbe  area  of  tbe  idlest  metamoriAio  rocks  of  tbe  district  In  these,  gold 
has  been  found  in  varying  quantities  for  tli*  laat  tan  years,  and,  al  one 
time,  the  region  was  tbe  scene  of  considerable  mining  excitement. 

The  western  side  of  tbe  Wind  Sirer  Mevntaius  was  Coand  to  be  very 
interesting  on  acooant  of  the  rsmaiDS  of  eoonnoaa  aocleat  glaciers. 
Moraines,  covwiug  many  Bquare  miles,  and  often  a  thousand  feet  ia 
thickness,  extend  downward  tbrougb  narrow  valleys  that  now  otmtain 
rasbiBg  Btreama  Striation,  grooving,  and  mirroMihe  polish  of  rook  in 
situ,  denote  the  coarse  taken  by  the  naving  ice-fields  that  have  left 
these  marks  of  their  fbrmer  existenoe.  From  all  indioations,  the  oeesa- 
tion  of  gtaeial  activity  must  have  oocmired  within  a  oomparatively  leoeut 
time.  Soaroely  any  vegetation  has  spmng  np  on  the  light  glacial  soil, 
and  the  oUaraeteristio  distribntion  of  erratic  material  benra  every  evi- 
deuoe  of  "  fterimess." 

All  along  the  Sweetwater  Biver  tbe  eharaeteristio  Sweetwater  group 
^f  the  Tertitu^y  was  found,  coDtioiiiiig  northward  to  the  hills  opposite 
Semiooe  Pass.  These  hills  wcie  foaDd  to  be  pnyectious  of  granite  that 
duriag  the  Tertiary  epooh,  and  probably  long  befwe,  existed  as  iaUods 
in  a  widely  extended  sea. 

Ou  the  south  side  of  the  Sweetwater,  in  the  Semiooe  (9>J^>^^  older 
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sediBMotaf  y  AjrasatiotiB  wen  noted.  In  the  regiea  betnreeD  tbe  SMninoe 
Hills  and  Bawlins,  on  tbe  Udjod  Pacific  Bsilroad,  ao  interesting  gronp 
of  nad-spriDgs,  an^goiM  to  the  nnid-piilti  ot  th«  Gf^yser  ngwm,  vere 
seen.  Aboat  four  bnndred  of  these  onrioas  springs  were  found  asd  ex- 
amided. 

After  fltriflMng  bis  wotfc  with  tbe  fi^d-paity,  Df.  Bnillioh  rioted  ttie 
coal-miBes  near  Svanatonf  Wyo.,  to  exaaaioe  tbe  ooal-boariBp  rodcs  of 
that  region. 

Tbe  Oreeo  Biver  distiiet  lies  direetiy  west  of-  the  Sweetwater  district. 
With  fte  eieeptien  of  a  email  area  of  granite,  along  the  aovitbnestern 
side  of  the  Wind  Biver  MoontBios,  and  some  besaltio  flows  in  the  north- 
western portion  of  ttae  district,  the  rocba  are  sedimentary.  Tbe  Oreen 
Biver  Basin  was  the  first  iwea  anrreyed.  The  prerailing  formation  was 
faond  to  be  the  Greeu  Biver  gronp  of  the  Tertiwy,  nnderlaid  by  the 
AVahsatch.  Toward  the  south,  battes  of  tbe  Bridger  clays  rest  on  the 
Green  Biver  marla  and  sandstones.  They  are  the  northern  outliers  of 
the  extensive  Bridger  areas  found  farther  soathward. 

On  the  northeast,  tbe  Tertiary  beds  rest  on  tbe  granites  of  the  Wind 
River  Mountains,  the  line  of  junotnon  being  considerably  obscured  by 
moraioal  material.  One  of  the  most  interesting  points  noted  in  the 
Green  Biver  Basin  was  on  its  west  side,  where  t%e  Wabsntch  Tertiary 
is  Been  resting  nnconformably  on  Jnrassie  and  Cretaceous  strata.  At 
one  point,  Carboniferous  fiissils  were  obtained  from  bowlders  of  lime- 
stone found  in  a  conglomerate  in  tbe  Wahsatch  gronp.  These  were 
derived  witbont  donbt  from  tbe  Oartwniferous  limestones  of  the  mount- 
ains that  stand  a  sbwt  distance  to  tbe  westward,  and  whieh  must  once 
have  formed  a  portion  of  the  sbore-line  of  tlw  lake  filling  the  Green 
'Biver  Basin. 

An  ana  of  this  Tertiary  lake  extended  op  Harris  Fork  of  tbe  Oreen 
River,  where  Oreen  Biver  and  Wahsatch  beds  arefoand  in  horizontal 
porition.  In  the  Green  Biver  sbalea,  at  several  loofdities,  good  collee- 
tioBS  ef  fossil  fish  and  inseots  were  fonud,  among  which  weve  many  new 
speetcK 

The  repon  of  tbe  Blockfbot  Uivn-,  In  tbe  northwestern  part  of  t^e 
district,  is  covered  in  all  its  lowest  poitioos  with  flows  of  basalt  which 
bad  tbeir  origin  in  craters  that  still  show  between  the  Blackfeot,  Bear, 
Mid  PortnenrBivers.  Tbe  poaring  oat  of  this  basalt  must  bav«  oooarred 
eltiier  daring  or  jnst  prior  te  tbe  present  period,  as  there  has  been  bat 
little  if  any  change  in  the  sorfhce  since  the  ernptJon.  On  tbe  Fortnenf 
Biver  a  narrow  tongne  of  basalt  extends  almost  to  Snake  Biver  Talley. 
Tbe  Borftaee  of  tbis  basalt  slopes  somewhat,  bnt  not  so  mncb  as  the  pres- 
ent bed  of  the  Portneaf.  Tbe  lower  valley  of  the  Portnenf  is  Interesting 
fimn  the  fhet  that  it  is  probably  ene  of  the  aneient  outlets  of  the  great 
lake  that  once  filled  tbe  Bait  LakC'  Basin  and  eitended  aoross  Into 
Oaebe  Valley.  Id  Oache  Talley  and  Malade  Talley,  modem  Tertiary 
depostte  are  fonnd  jatting  against  tbe  mountains,  and  in  the  central  por 
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tioDs  of  the  TalleyB  they  eeem  to  pass  gradaally  into  the  more  modern 
deposits. 

The  iDterestin^  Bodo-springs  at  the  bead  of  Bear  Biver  were  oarefally 
examiDed. 

Althongh  the  area  sarreyed  by  the  Green  Biver  division  was  large, 
compriaiDg  about  13,000  aqnare  miles,  large  collections  of  foasiU  (many 
of  then  new)  were  made.  Notes  vere  obtained  for  the  preparation  of 
a  geological  map  of  the  area,  and  data  collected  for  the  elacidation  of 
many  intenwtiog  problems  in  relatJoo  to  the  age  of  the  moaotaias. 

Coal-oatcrops  were  noted  at  a  number  of  localities,  on  some  of  the 
branches  of  the  Upper  Bear  Birer  and  of  Oreen  Biver.  The  fomoas  salt- 
works on  a  branch  of  Salt  Biver  were  also  examined. 

Professor  St.  John  reports  the  Teton  district  to  be  one  of  great  inter, 
est.  He  fonnd  extensive  areas  covered  with  rocks  of  igneoos  origin,  ba- 
salts, and  trachytes. 

The  Snake  -Biver  plains  are  everywhere  floored  with  basaltic  rocks. 
They  extend  np  the  valley  of  the  Snake  as  far  as  the  lower  basin,  where 
they  are  sacceeded  by  other  volcauioe,  mainly  trachytes.  The  latter  are 
observed  inclining  at  greater  or  less  angles  and  appear  to  be  more  an> 
cient  than  the  basalts.  The  Btackfoot  Valley  and  the  valley  depressions 
between  the  Blackfoot  Moantains  and  the  Oaribon  Bange  are  floored 
with  basalts  in  every  way  similar  to  those  occurring  in  the  Snake  Biver 
plains.    These  extend  sonthward  into  Dr.  Peale'a  district, 

Bhyolitic  products  were  found  at  a  few  localities.  In  one  instance  the 
eruptive  matter  appears  as  a  dike  in  the  crest  of  a  low,  short  ridge  be- 
tween the  Blackfoot  and  Uuriboo  Banges,  its  eruption  having  tilted  the 
sedimentary  deposits  into  an  anticlinal  ridge. 

In  Caribou  Mountain, also,intere8ting  phenomena  were  observed.  The 
mountain  is  a  moooclinal  ridge,  made  op  of  sedimentaries,  between 
whose  strata  the  igneous  material  is  iutrnded,  appearing  from  a  distance 
like  veritable  beds  of  deposition,  while  the  bulk  of  the  west  portion  of 
the  mountain  appears  to  consist  of  an  enormous  mass  of  eruptive  mat- 
ter thrust  up  from  below.  This  mountain  would  therefore  appear  to  be 
another  instance  of  local  outburst,  similar  to  those  brought  to  light  by 
the  survey  in  Western  and  Soathwestem  Colorado. 

Extensive  areas  of  the  district  are  occupied  by  sedimentary  or  strati- 
fled  rooks,  whioh  were  referred  to  the  Lower  Silurian,  Carboniferous, 
Jura-Triassic,  Cretaceous,  and  Tertiary  ages.  These  rocks  have  been 
subjected  to  considerable  folding  and  displacements  in  the  different  por- 
tions of  the  district. 

One  of  the  most  interesting  discoveries  was  that  of  the  presence  of 
flsh-remaine  in  the  Lower  Carboniferous.  Several  forms  were  found, 
identical  with  or  closely  allied  to  Keokuk  species  of  the  genera  Oladodus, 
Petalodm,  Anthiodu*,  and  Heiadus. 

In  the  upper  basin  of  Snake  Biver,  Tertiary  lacnetrine  beds  occur. 
These  are  probably  the  eqaivalents  of  the  lake-beds  of  Dr.  Hayden. 

The  Teton  Bange  was  examined  and  found  to  be  a  gigantic  monoclinal 
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ridge,  with  a  metftmorphic  and  granitic  naoleas,  wbich  forms  a  lofty, 
exceedingly  rngged,  Jagged  crest,  extending  in  »  north  and  sontli  direc- 
tion three-fonrtba  the  length  of  the  range,  onlminating  in  Monnt  Hayden. 
In  Jackson's  Basin,  east  of  the  Teton  Bange,  a  vast  acoamnlation  of 
morainal  matter  was  noted.  Along  the  vest  aide  of  the  basin,  exteneive 
moraJQal  aoonmnlations  occur,  vhich  have  been  cnt  into  beaatifnl  ter- 
races by  Snake  Biver. 

Calcareoos  tafa,  indicating  the  presence  of  springs,  was  found  at  the 
moath  of  Salt  Biver,  in  a  small  basin  east  of  Lincoln  Valley,  &c. 
2^one  of  these,  however,  are  comparable  with  the  enormous  spring  de- 
posits met  with  at  the  northeastern  foot  of  the  Wind  Biver  Mountains, 
■o  the  upper  portion  of  the  Wind  Biver  Valley,  which  were  hastily  ex- 
amined late  in  the  season. 

The  geological  notes  given  above  present  only  the  salient  features  of 
the  season's  work. 

Paleontologj/. — During  the  past  year  the  prosecution  of  paleontological 
investigation  in  the  field  has  constituted  a  prominent  feature  of  the 
work.  This  investigation  embraces  not  only  a  collection  and  stady  of 
the  fossil  remains,  hot  also  the  application  of  soch  study  to  the  correla- 
tion of  the  geological  fotmatious  that  occupy  the  different  districts  that 
bare  ftom  year  to  year  been  surveyed  by  various  parties.  Dr.  C.  A. 
White,  the  paleontologist  of  the  survey,  has  been  placed  in  chage  of  this 
branch  of  the  work,  which  he.pursued  in  the  field  during  the  whole  of 
last  season.  The  region  studied  by  him  is  briefly  as  follows ;  That  por- 
tion of  the  great  plain  which  lies  adjacent  to  the  east  base  of  the  Bocky 
Moanti^ns  between  Cheyenne  and  a  point  25  or  30  miles  south  of  Den- 
ver ;  a  portion  of  Middle  Park ;  the  district  drained  by  Yampa  and 
White  Bivers  into  the  Green;  the  district  wbich  lies  a^aceot  to  the 
soutberu  base  of  the  Uinta  range  of  mountains ;  that  which  lies  adja- 
cent to  the  northern  side  of  those  mountains ;  a  large  part  of  the  Green 
Biver  Basin,  and  eastward  as  far  as  Bawlins  Station  on  the  Union 
Pacific  Bailcoftd. 

The  resolta  have  been  very  gratifying;  among  the  more  important  of 
wbich  is  the  definition  of  the  paleontological  boundaries  of  certain  of  the 
groaps  of  strata,  especially  those  of  the  Laramie  group,  over  a  large  area, 
including  both  sides  of  the  Bocky  Mountains.  He  has  demonstrated 
the  fact  that  at  least  the  lower  portion  of  the  Fort  Union  group,  the 
Ligoitic  group  of  Colorado  east  of  the  Bocky  Mountains,  and  the  Lara- 
mie group  of  King  west  of  those  mountains,  including  the  great  Bitter 
Creek  series  of  beds,  all  belong  to  oiie  period,  and  which  are  included 
onder  the  general  name  of  Laramie  group. 

In  the  valley  of  Lake  Fork  south  of  the  Uinta  Mouutaias,  he  found 
the  Bridger  group  well  exposed,  and  in  the  valley  of  tbe  Da  Gfaesne,  the 
Green  Biver  group.  Both  these  groups  have  there  the  peculiar  litholog- 
ical  characteristics  that  distingnish  them  in  the  Green  Biver  Basin  north 
of  the  Uintas. 
Important  collections  of  fossils  were  mode  by  Dr.  White,  comprising 
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many  new  forma,  and  aim  many  ioterMUng  types.  Bame  important 
data  were  alao  obtaiaod,  showiu^  tlie  e^y  differantiBtkm  and  extraor- 
dinary  peraitieooe  of  freah-water  and  land  mdhMt^B  types.  A  diseos- 
aioo  of  these  aoil  otber  kindred  qasfltioos  will  appear  in  his  paleontolog 
ieal  reports. 

Fouit  entomologt/.-'Meeais.  8.  H.  Scndder,  of  Oambridge,  and  P.  O. 
Bowditch,  of  Boston,  spent  two  months  io  Colorado,  Wyoming,  and 
Utah,  in  explorations  for  fossil  iuaeote,  and  in  oidlaoting  reoent  Ooleop- 
tera  and  Orthoptera,  e^eoially  in  the  higher  regions.  They  made  luge 
coUeotiona  of  leeent  ioseots  at  different  points  along  the  railways  from 
Poeblo  to  Cheyenne  and  &om  Uheyeone  to  Salt  Lake,  as  well  as  atl^kin, 
Kans.,  Garland  and  Oeorgetown,  Colo.,  and  in  vadons  parts  of  the 
Sonth  Park  and  snrrounding  region. 

For  want  of  time,  they  were  obliged  to  forego  an  antie^wted  ta-ip  to 
White  Biver,  to  explore  the  beds  of  fossil  insects  known  to  oxiat  there. 
Ten  days  were  spent  at  Gneen  Biver  and  rioinity  in  examining  the  Ter- 
tiary strata  for  fosul  ittsecti,  with  bnt  poor  nesnlts ;  the  Xertiary  beds  of 
the  Switta  Park  yielded  bnt  a  single  determinable  inaeot,  bat  near  Flo- 
rissant the  Tertiary  basin,  desoribed  by  Dr.  A.  0.  Peale  in  the  aounflt 
rcftort  o£  the  snrTey  for  1873,  was  fenad  to  be  ccioeedingly  riob  in  ineeets 
and  plants. 

In  oompaBy  with  Bev.  Mr.  Lakes,  of  Golden,  Ifr.  Sondder  spent  several 
days  in  a  eai^U  sarvey  of  this  basin,  and  cstimatw  the  inseet-beariog 
shales  to  bare  an  extent  at  least  flfty  times  as  great  as  those  of  Mie 
famous  locality  at  Qeitingen  in  Sontbetn  Bavaria.  From  six  to  seven 
tbenaasd  ioseots  and  two  <or  three  tboasaad  plants  hare  already  bean 
reoeived  fnom  FbKissant,  «nd  as  many  more  will  be  received  befere  the 
close  of  the  year. 

Mr.  Soudder  was  also  able  to  make  anaDgements  in  pecsan  witlk  par- 
ties who  have  foaud  a  new  and  very  inbecastiag  leoality  of  Tertiary  stcata 
in  Wyoming,  to  aend  him  all  tiie  <speoJ»«t)a  they  work  ont,  and  he  oon- 
fldently  anticipates  receiving  several  thousand  insects  frem  them  in  Xbe 
conrse  of  the  ooming  winter.  The  specimens  from  this  looality  one  re- 
markable fiK  l^eir  baantf .  lEfaere  is,  tfaeneCsTO,  every  reason  to  believe 
tbe  Tertiary  strata  of  the  Booky  Moantaio  regi<m  are  richer  in  i>e«HUD8 
of  fosml  inseota  than  any  other  eonntry  in  tbe  worid,  and  tdiat  witiiin  a 
few  months  tke  material  at  band  for  tke  elaboration  of  tbe  wmIi  on  fossil 
insects,  wfaioh  Mr.  Seadder  has  in  pceparatioo  for  the  survey,  will  be 
mack  larger  Uiau  was  ever  befaresnbjeot  to  t^einvestigatienof  a  single 
natnraUst. 

Fossil  botany. — Prof.  Leo  Lesqoereax  bas  been  OD^jaged  doriog  the 
past  year  in  sCadies>  of  the  tertiary  fiora.  These  are  now  completed, 
Htm  bis  moDogiaph  has  been  issaed  from  the  press. 

£otenjf'-~Tbe  botany  of  the  Survey  was  represented  tbe  past  eeasea 
by  tbe  two  great  masters  of  bhat  d^Mtrtment,  Sir  Joseph  D.  Hooker, 
director  of  the  Kew  Gardens,  England,  and  president  of  the  Eoyal 
Seeiety  of  London ;  and  Prof.  Asa  Gray,  of  Cambridge,  Mass.    Their 
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exaauDati(His«zt«aded  over frgteatportion-ofOolorndo,  Wyoming,  ITtnh, 
Nevada,  and  OaliforDia.  Their  iaveatigatioa  into  the  Alpine  floras  aud 
tree-vegetation  of  the  Roc^y  ^Uountaiofi  and  Sierra  ^N'evada  enabled  them 
to  give  a  clear  idea  of  the  relatioDa  4bU  iaduence  of  the  climatic  condi- 
tioD8  on  both  sides  of  the  great  mountAin-mnges. 

Sir  Joseph  Hooker,  whose  botauioal  cesearobes  eHibBaae  tbe  greater 
part  of  Europe;  the  Indies,  from  the  Bay  of  Bengal  BDrosa  the  Hima- 
la; a'a  to  Thibet ;  tbe  antarctic  regioas  aod  the  soRthern  part  of  South 
America,  IStw  Zealand,  Australia,  SoaUi  Afrioa,  Morosco,  aud  Asia 
Minor,  presents  in  tbe  EngUsh  periodical  "  liTatare,"  Hot  October  25, 1877, 
ao  ontliDeof  his  studies  daring  the  season,  asd  this  outline,  when  filled 
oat,  will  form  a  most  important  part  of  tbe  eleventli  annnal  Beport  of  the 
Survey.  It  will  be  seen  at  a  glance  that  the  repert  will  be  of  the  motit 
comprehensive  character,  and  cannot  fail  to  be  of  the  highest  interest 
to  oar  people.  The  tree-vegetation,  and  especially  the  eoniferfe,  were 
made  special  ol^ecta  of  study,  and  maoy  obsooie  points  were  cleared  up. 
Dr.  Hooker  snms  up  the  results  of  the  joint  investigatious  of  Dr.  Gray 
and  hims^f,  aided  by  Dr.  Gray's  previeasty-iotimate  knowledge  of  the 
elements  of  the  Aioetioaa  doia,  from  tbe  Miseiauppi  to  tbe  Faeidc  coast : 
Ttat  tbe  T^ffitotioii  of  Uw  iniMlD  UtiUidw  af  the  Mstinent  imoIvm  MMlf  Into  thMe 
pTiDclpkl  meridional  Sofm,  inoomparftbly  more  diverse  tban  those  preaented  by  Bay 
eimilar  moridiBiis  in  the  Old  World,  being,  laf*at,  aafaika  the  tieM.sbrabSiaod  mauy 
genera  of  herbseaoaa  plaote  are  concerDed,  absolatelf  diatlnct.  These  are  the  two 
faDHiM  and  the  dr;  intermediate  regions  above  Indicated. 
BMh  af  thMS,  agaiD,  i»BBbdWiiH>letoto'tfaree,  m  (bllewt; 

1.  The  ACtaiUo  Btepe  idoa  UIssIm^I  toitoii,  MikdltMble  li^  (a)  an  Mlantia,  (0) 
^  UJeaiMippi  VaUej,  aad  (}>)  an  interpaaad  ainimtiln  icgieii  wi(b»  twipente.Mid  siAk 
alpine  dora. 

S.  The  Pacific  slope, anbdlviaibte  Into  (o)  aTerybomid,  cool, foreet-clad  coast  cange; 
{)})  tbe  gnat,  hot,  drier  Cambrulan  Talley  fbrmed  by  the  Sao  Jaan  Biver  flowing  to 
tbaaortk  and  tbe  fiaoraoeDto  Btrer'flowhtg  to  the  sentb,  both  into  the  Bay  of  Sao 
FnHtciseD;  And  (>}  tbe  Biena  Nevada  flora,  temperate,  aabalpiiw,  aod  AJpine. 

3.  The  Boolcy  Uoootain  ragioD  (in  its  widost  MBM'exteading  fiem  *W  TlWiinil 
beyond  its  forest  region  to  the  Sierra  Nevada),  anbdiTiaible  into  (a)  a  praide  flora, 
(3)  a  desert  or  a  »alioe  flora,  (_y)  a  Rocky  Monntain  proper  flora,  tempetat«,  anbalpine, 
and  Alpine. 

ABabovetteted,4hedifierenec  between  the  floras  of  ttie  first  and  seiwnd  of  these  re- 
giens  is  ■peclfl sally,  Nad  to  jt  gaeat  extant  generioarUy,  absolate ;  not  a  pine  or  oak, 
ina|>le,elni,  plane,  oibirah  of  BaatamAoMrioa  extends  to  WeattsaAiaerica;  andsswva 
of  thirty  to  Glty  speciea  are  confined  to  each.  Tbe  BockyJloontain  region  again,  though 
abnndantly  distinct  from  both,  has  a  few  elements  of  the  eastern  region  and  still  more 
of  the  western. 

liaay  latanatlng  faats  eootieoted  with  tbe  origin  and  distribntlnn  of  American  plants, 
and  the  intiadnclion  of  tbe  roriMis  types  into  three  regions,  preaMited  tbemsHvee  to 
oar  obneryalionsoconr  mioda daring  o«r  wandsnings.  Manyof  tbssearesogBBativeof 
eotnparaCive  study  with  the  admiraUe  results  of  Heerls  and  I^esqaeieux's  investiga. 
lions  iota  tbe  Pliocene  and  Miocene  plants  of  the  north  temperate  and  frigid  zones, 
and  w4loh  had  already  engaged  Dr.  Oray's  attention,  as  may  be  fotiiid  In  bis  vsrions 
poblicatioDa.  Ho  less  Intnesting  are  Metroecs  of  the  hrflnnioe  of  a  gladal  and  a 
waiver  period  in  directing  tbe  aMme  of  migrMiaa  of  aTatle  ftrms  sowthwatd  and 
Uazican  forms  northward  in  ttie  continent,  and  of  the  effiMts  ef  the  great  body  of 
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water  thftt  occupied  the  whole  Mline  region  dnriag  (aa  it  would  appear)  a  glacial 

Lastly,  curious  infomiBtioti  vu  obtained  respecting  the  t^ee  of  not  only  the  hig 
treea  of  Califbraia,  but  of  equally  aged  pioes  andjauipera,  which  are  proo&of  that 
dnratioD  of  exialiDg  oouditiona  of  climate  for  which  evideDce  baa  hitherto  beeo  aougbt 
rather  among  foMil  than  among  liriiig  orgaoiama. 

Zoology. — Prof.  Joseph  Leidy,  the  emiDent  comparative  anatomiet  and 
microscopist,  made  his  secood  visit  to  the  West  the  past  season  ODder 
the  auspices  of  the  SorTey.  He  made  a  careful  exploration  of  the  conn- 
try  about  Fort  Bridger,  Uinta  Monntains,  and  the  Salt  Lake  Basin,  in 
search  of  rtiizopods.  Ha  has  been  engaged  for  a  long  time  on  a  memoir 
on  this  snbjeot,  which  will  eveutnally  form  one  of  the  series  of  the  qnarto 
Beports  of  the  Snrrey. 

The  rhizopods  are  the  lowest  and  simplest  forms  of  animals,  mosUy 
minate,  and  requiring  high  power  of  the  microscope  to  distiDgoisfa  tbeir 
straotare.  While  most  of  them  oonstmct  shells  of  great  beauty  and 
variety,  tbeir  soft  part  consists  of  a  jelly-like  sabstance.  This  the  ani- 
mal has  the  power  of  ezt«Ddtng  in  threads  or  finger-like  processes,  which 
are  used  as  organs  of  locomotion  and  preboDsion,  often  branching. 
From  the  appearance  of  their  temporary  organs,  resembling  roots,  the 
class  of  animals  has  received  ins  name  of  rhizopoda,  meaning  literally 
rootfooted. 

Id  compensation  for  the  smallness  of  these  creatores,  they  make  up 
in  nambers,  and  it  is  questionable  whether  any  other  class  of  anim^ 
exceeds  them  in  importance  in  the  economy  of  nature.  Geological  evi- 
dence shows  that  tbey  were  the  starting- point  of  animal  life  in  time,  and 
their  agency  in  rock-making  has  not  been  exceeded  by  later  higher  and 
more  visible  forms. 

With  the  marine  kind,  known  as  foraminifera,  we  have  been  longest 
familiar.  Their  beautiful  many-chambered  shells — for  the  most  part 
just  visible  to  the  naked  eye — ^form  a  large  portion  of  the  ocean-mnd 
and  the  sands  of  the  ocean-shore.  Shells  of  foraminifera  likewise  form 
the  basis  of  miles  of  strata  of  limestone,  such  as  the  chalk  of  England 
and  the  limestones  of  which  Paris  and  the  pyramids  of  Egypt  are  built. 

Fresh-water  rhizopods,  though  not  so  abnudant  as  marine  forms,  are 
nevertheless  very  numerous.  Tbey  mainly  inhabit  our  lakes,  ponds,  and 
standing  waters,  but  they  also  swann  in  sphagnons  swamps  and  ever 
live  Id  newest  earth.  Professor  Leidy  has  devoted  several  years  of 
fitAdy  to  the  fresh- water  rhizopods  of  the  eastern  portion  of  our  country, 
and  his  especial  object  in  the  past  ezpeditiou  was  to  investigate  those 
which  are  to  be  found  in  the  elevated  regions  of  the  Bocky  Monntains. 

Dr.  Elliott  Oones,  secretary  and  naturalist  of  the  Survey,  though  pre- 
vented from  taking  the  field  during  1877  by  the  press  of  publications, 
vhich  required  his  stay  at  the  Washington  office,  has  continued  his  in- 
vestigations in  Mammalogy  and  Ornithology.  The  printingof  the  "Birds 
of  the  Colorado  Basin"  has  steadily  progressed  during  the  year,  and  very 
great  accessions  of  material  for  his  forthcoming  Report  on  Kortb  Ameri- 
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caa  MaaimaEogj  have  been  received.  He  ia  at  present  inveBtigating  the 
losectiTora  of  KortU  America,  with  a  view  to  a  special  monograpb  oo 
that  sabject. 

^r.  J.  A.  Allcu  is  eugaged  npon  ao  exhaustive  memoir  on  the  PiDni- 
peds,  to  be  probably  completed  this  year. 

Dr.  Cones  reports  onuaaal  activity  in  the  department  ander  bis  charge, 
and  a  very  forward  state  of  the  several  investigations  now  in  progress. 

Arcbaologjf. — Mr.  W.  U.  Jackson,  photographer  of  the  Survey,  has 
added  to  his  department  the  worlt  of  reprodncing  the  ancient  rains  of 
Soatbwestem  Colorado, &c.,  bymodels.  Speeimensoftbeancient pottery 
are  also  represented,  not  only  by  photographs,  bat  aleo  by  actual  models. 

In  the  spring  of  1877,  Mr.  Jackson  made  a  tonr  over  ranch  of  the 
northern  part  of  Xew  Mexico  and  westward  to  the  Moqni  towns  in 
Arizona,  and  aecured  materials  for  a  namber  of  very  interesting  models, 
illustrating  the  methods  of  the  pueblos,  or  town-bailders,  iu  the  con- 
Btmctiou  of  their  dwellings.  Two  villages  have  been  selected  for  imme- 
diate construction,  as  showing  the  most  ancient  and  best-known  exam- 
ples of  their  peculiar  architecture,  viz,  Taos  and  Acoraa;  the  one  of 
maoy-storied,  terraced  houses,  and  the  other  bnilt  high  upon  an  impreg- 
nable rock.  The  model  of  Taosis  now  completed,  the  dimensions  of  which 
are  42  by  39  inches,  and  the  scale  one  inch  to  twenty  feet,  1 :  240. 

Of  this  town  Davis  says: 

It  is  the  best  umple  of  th«  ancient  mode  of  bnilding.  Here  are  tn'o  large  bonses 
three  or  foot  hoDdred  feet  in  length  and  abont  one  hundred  and  fifly  feet  xride  at  the 
li«se.  Tbe7  are  eitaated  apon  opposite  sides  of  *  small  eroek,  and  in  ancient  timea 
ate  said  to  iMTe  l>een  conaeoted  hj  a  bridge.  Tbej  are  Ave  and  eix  stories  tiigb,  each 
stor;  receding  fCom  the  one  l>elow  it,  and  thus  forming  a  atmotnre  terraced  from  top 
to  bottom.  Each  story  is  divided  into  nDtnerons  little  compartments,  the  oater  tier 
of  TOoma  being  lighted  by  small  windows  in  the  Bides,  while  those  in  the  interior  of  the 
bnilding  are  dark,  and  are  principally  nsed  as  etore-rooms.  ■  ■  ■  Tho  only  means 
of  entranoe  is  throngh  a  trap-door  in  the  roof,  and  yon  ascend  from  story  to  story  by 
amuia  of  ladders  on  the  ontside,  which  are  drawn  np  at  nigbl. 

Their  contact  with  Europeans  has  modified  somewhat  their  ancient 
style  of  buildings,  principally  in  subsCituUng  doorways  in  the  walls  of 
their  houses  for  those  in  the  roof.  Their  modem  buildings  are  rarely 
over  two  stories  in  height,  and  are  not  distinguishable  from  those  of 
their  Mexican  neighbors.  The  village  is  surrouuded  by  an  adobe  wall, 
which  is  first  included  within  the  limits  of  the  model,  and  incloses  an 
area  of  eleven  or  twelve  acres  in  extent.  Within  this  limit  are  four  of 
their  estu/iu,  or  secret  council-houses.  These  are  circular  nudergronnd 
apartments,  with  a  narrow  opening  in  the  roof,  surrounded  by  a  pali- 
sade; ladders  being  used  to  go  in  and  out. 

These  models  are  first  carefully  built  np  in  clay,  in  which  material  all 
the  detail  is  readily  secured,  and  then  cast  in  plaster,  a  mold  being 
secured  by  which  they  are  readily  multiplied  to  any  extent.  They  are 
then  put  into  the  hands  of  the  artists  and  carefully  colored  in  solid  oil 
paints  to  accurately  resemble  their  appearance  in  nature,  aud,  in  the 
case  of  restorations  of  modem  buildings,  all  the  little  additions  are  made 
5  s 
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vhich  will  eivB  them  the  appeaniDce  of  ocenpatioD.  The  Survey  ia  in 
possessioQ  of  the  data  for  the  conatrDOtioa  of  tnaoy  more  models,  and 
they  will  be  bronght  out  as  opportunity  is  given.  They  have  also,  in 
counectioD  with  the  views,  multiplied  many  of  the  curious  pieces  of  i>ot- 
tery  which  have  been  brought  back  from  that  regiou  by  the  various 
parties  connected  with  the  Snrvey. 

Office  work  in  1877.— Tbe  early  part  of  the  year  in  the  oflSce  was 
devoted  to  the  completion  of  the  Colorado  work,  aod  the  latter  part  was 
occupied  in  working  ap  tbe  summer's  notes. 

During  tbe  summer,  Mr.  W.  H.  Holmes  remained  in  tbe  office,  super- 
IntendiDg  the  publication  of  the  Atlas  of  Colorado,  whiob  is  now  rapidly 
approaching  completion.  A  large  portion  of  the  time  was  devoted  by 
htm  to  tbe  preparation  of  the  "  Economic  Map,"  tbe  "  General  Geological 
Map,"  the  "Geological  Sectious,"  and  the  "  Panoramic  Views."  The  fol- 
lowing are  the  sheets  included  in  the  Atlas  of  Colorado: 
I.  TriuDgnlatioQ  Map. 
II.  General  Drainage  Map. 

III.  Economic  Map. 

IV.  General  Geological  Map. 

V.  Korthwestem  Colorado.  XL  Vortbwestem  Colorado. 

VI.  Hortbern  Central  Colorado.  XII.  Northern  Central  Colorado. 
VIL  Central  Colorado.  XIII.  Central  Colorado. 

VIII.  Western  Colorado.  XIV.  Western  Colorado. 

IX.  Southwestern  Colorado.  XV.  Soathwestem  Colorado. 

X.  Southern  Central  Colorado.      XVI.  Southern  Central  Colorado. 
XVII  &  XVin.  Geological  Sections. 
XIX  &  XX.  Panoramic  Views. 
FiAlicationa. — Tbe  year  1S77  witnessed  a  marked  increase  in  tbe  num- 
ber of  publications  of  the  Survey,  no  fewer  than  nine  separate  and  formal 
works  having  been  issued.    These  are  enumerated  as  follows: 

1.  Catalogue  of  the  publications  of  tbe  Survey  (second  edition,  revised 
to  December  31,  1876). 

2.  The  annual  report  for  1875,  a  large  octavo  of  over  800  pages,  fully 
illustrated  with  plates,  maps,  and  wood-cuts,  giving  tbe  results  of  the 
field-work  of  tbe  year  1875,  with  an  extensive  appendix,  consisting  of 
J.  A.  Allen's  Memoir  on  the  Buffalo,  and  A.  S.  Packard's  Iteport  on 
Ifoxious  and  Beneficial  Insects. 

3.  A  preliminary  report  of  progress  for  the  field-season  of  1877,  forming 
part  of  tbe  annual  report  of  the  Secretary  of  the  Interior  for  1877.  The 
full  reports  for  tbe  years  1876  and  1877  are  in  press,  and  will  form  two 
large  octavo  volnmes. 

i.  Volume  III  of  tbe  "Bulletin^  of  the  Survey,  containing  very  nu- 
merous articles  in  various  departments  of  physical  and  biological  science. 
5.  The  foocth  edition  of  miscellaneous  publications  TSo.  1,  being  "  Lists 
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of  Elerationa,"  &e.,  by  Henry  GaDoett,  entirely  revised  and  greatly  en- 
larged, now  forming  an  independent  octavo  volume  of  1C7  pages. 

6.  Miscellaneons  publications  No.  7,  "Ethnography  and  Philology  of 
the  Hidatsa  Indians,"  by  Dr.  Washington  Matthews,  TJ,  S.  A. 

7.  Miscellaneons  publications  Ko.  8,  *<  Fur-bearing  Animals :  a  mono- 
graph of  North  American  Mastelidse,"  by  Dr.  Elliott  Cones,  U.  S.  A. 

8.  Miscellaneons  publications  No.  9,"DescriptiTeOatalogue  of  Photo- 
graphs of  North  American  Indians,"  by  W.  H.  Jackson. 

9.  Eleventh  volume  of  Final  Reports,  quarto  series,  "Monograph  of 
North  American  Bodentia,"  by  Dr.  Elliott  Cones,  TT.  S.  A.,  aud  Prof. 
J,  A.  Allen,  forming  a  large  qaarto  volume  of  1110  pages,  with  plates. 

Varions  publications,  including  Leo  Lesquereux^B  Tertiary  Flora,  to 
form  Volnme  VII  of  the  qnarto  series,  several  numbers  of  the  Bulletin, 
miscellaneons  publications,  and  two  annual  reports  are  now  in  press. 

GEOaBAPHlCAL  AND  GBOLOQICAL  SUBTET  OF  THE  BOCET  MOUNTAIN 
EEGION,  BY  PaOP.  J.  W.  POWELL,  IN  1877. 

Abont  the  middle  of  May  last,  the  surveying  corps  again  took  the 
field.  This  year  the  rendezvous  camp  was  at  Mount  Pleasant,  a  little 
town  iu  Utah,  abont  125  miles  south  of  Salt  Lake  City.  Three  parties 
were  organized,  under  the  direction  of  Prof.  A.  H.  Thompson;  one  to 
extend  the  triangulalioD,  aud  two  for  topographic  purposes,  the  latter 
being  under  charge  of  Mr.  W.  H.  Graves  aud  Mr.  J.  H.  Benshawe,  re- 
spectively, and  the  former  under  the  immediate  diiection  of  Professor 
Thompson,  assisted  by  Mr.  O.  D,  Wbeeler. 

The  area  designated  for  the  season's  work  lies  between  38<^  and  40° 
30'  north  latitude,  and  between  109°  30'  and  112°  west  longitude,  Green- 
wich, and  is  embraced  in  atlas  sheets  86  aud  15. 

Triangulation. — The  triangulation  party  left  Mount  Pleasant  iu  June. 
The  work  of  this  year  being  a  continuation  of  the  expansion  &om 
the  Gunnison  base-line,  measured  in  1874,  it  was  desirable  to  first  visit 
some  of  the  geodetic  points  established  In  previous  years,  bat  the 
unprecedented  amount  of  snow  yet  remaiuing  iu  the  high  plateaus  and 
mountains  rendered  this  impracticable,  and  the  first  part  of  the  season 
was  spent  iu  establishing  stations  on  the  Ta-v&puts  Plateau  west  of  the 
Gre«n  Biver.  In  midsummer  the  party  was  able  to  visitthe  high  plateaus 
and  connect  the  work  of  past  years  with  that  of  this  season.  Later  the 
triangulation  was  extended  to  the  east,  joining  the  work  of  the  United 
States  Geological  aud  Georaphical  Survey  of  the  Territories,  under 
charge  of  Dr.  F.  V.  Hayden,  and  to  the  north  to  join  the  work  of  the 
United  States  Geological  Exploration  of  the  Fortieth  Parallel,  Clarence 
King,  United  States  geologist,  iu  charge.  The  whole  area  of  the  sea- 
son's work  embraces  something  more  than  13,000  square  miles.  The 
Instrument  used  was  the  theodolite,  hereafter  described.  The  points 
sighted  to  on  the  geodetic  stations  were  either  artificial  monomeuts  or 
well-defined  natural  points,  and  all  stations  were  marked  by  stone  cairns. 

Topographic  ioork  by  Mr,  Qravet. — The  district  assigned  to  tSr.  Graves 
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for  topographic  work  was  tbat  embraced  Id  the  eastern  half  of  atlas 
Bheet  75,  aad  tbat  portion  of  sheet  S6  lying  east  of  the  Green  and 
Colorado  Eivers,  an  area  of  aboat  10,000  square  miles.  The  most  re- 
markable topographic  feature  of  this  region  is  a  lK>ld  escarpment  facing 
the  south,  and  extending  from  the  western,  far  beyond  the  eastern  limit 
of  Mr.  Graves'  work.  This  is  known  aa  the  Book  Cliffs.  At  the  foot 
of  this  escarpment  lies  a  narrow  valley,  through  which  passes  the  only 
practicable  roate  of  travel  between  Central  Utah  and  Western  Colorado. 
South  of  the  valley  the  whole  region  is  cat  by  a  labyrinth  of  cations, 
formed  by  the  Grand,  Green,  and  San  I£afael  Rivers  and  their  tribu- 
taries. This  region  is  one  of  the  most  inhospitable  and  inacceBBible  in 
the  territory  of  the  United  States.  It  is  characterized  by  extreme 
aridity,  and  some  portions  are  cut  by  many  narrow  gorges,  forming 
"  alcove  lands."  In  other  portions  are  foond  hills  of  naked  sands  and 
clays,  regions  of  bad  lands,  bold  cliff's,  towering  monuments,  hills  of 
drifting,  glittering  sands,  and  deep,  tortnons  caiious,  which  give  to  the 
landscape  a  strange  and  weird  appearance. 

Tlie  Book  Cliffy  t\^  to  an  average  altitude  above  their  base  of  3,000 
feet,  and  about  8,500  feet  above  the  sea-level,  and  tlie  country  from  the 
southern  crest  inclines  gently  northward  to  the  valleys  of  the  White  and 
Uinta  Bivers.  This  gigantic  terrace,  called  the  Ta-v^-pnts  Flatean,  is 
cut  in  twain  from  north  to  south  by  the  profound  gorges  through  which 
the  Green  Biver  rnns,  known  as  the  Cailoa  of  Desolation  and  Gray 
Gaiion.  The  drainage  of  the  plateau  is  northward  from  the  briuk  of 
the  cliffs  through  deep,  narrow  cations  for  many  miles,  but  at  last  all 
these  enter  CaQon  of  Desolation  a  few  miles  from  its  head.  North  of 
the  Ta-vd'puts  Plateau  are  the  valleys  of  the  White  and  Uinta  Bivers. 
Nearly  all  the  former  and  a  large  portion  of  the  lower  course  of  the 
latter  are  within  the  boundaries  of  Mr  Graves'  work. 

Over  the  whole  district  assigned  to  Mr.  Graves  he  extended  the 
secondary  triaugulation.  Owing  to  the  peculiar  topography  of  the 
country,  his  stations  will  average  about  twelve  miles  apart.  He  also 
made  a  connected  plane-table  map  of  the  whole  area,  and  complemented 
his  work  with  orographic  sketches. 

In  the  southern  portion  of  the  area  surveyed  by  Mr.  Graves,  consider- 
able bodies  of  irrigable  lauds  are  found  along  the  Grand,  Green,  San 
Bafoel,  and  Price  Bivers,  and  in  the  northern  part,  along  the  Green 
Biver  and  in  the  valleys  of  the  Uinta  and  White  Bivers,  are  other  large 
tracts,  on  which  the  waters  of  the  streams  named  can  be  conveyed  at 
slight  cost.  Mr.  Graves  determined  the  extent,  character,  and  location 
of  these  lands,  and  the  amount  of  water  carried  by  the  streams  through- 
out the  area  embraced  in  his  work. 

On  the  Ta-v.1-pnt8  Plateau  are  small  forests  of  pine  and  fir,  but  gener- 
ally Mr.  Graves'  district  possesses  no  more  timber  than  sufficient  to 
meet  the  future  local  requirements  of  aotnal  settlers. 

Topographic  worJc  by  Mr.  Kenshaice. — The  district  assigned  Mr.  Ben- 
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shawe  vas  tbat  embraced  In  the  weatera  portion  of  atlas  sheet  75,  aa 
area  of  aboat  6,000  sqnaio  miles.  The  eastern  portion  of  this  area  is  a 
broad  table-land  called  tbe  Wasatch  Plateau,  having  an  average  eleva- 
tion of  about  9,600  feet,  cut  by  deep  Tailejs  and  drained  from  its  very 
western  edge  toward  the  east  by  the  Fremont,  San  Bafael,  and  Uinta 
Rivers.  The  western  portion  indndes  broad  valleys,  abrnpt  ranges  of 
mooDtains,  and  one  platean  of  considerable  extent  The  principal  val- 
leys in  this  part  are  the  San  Pete,  Juab,  and  Utah  all  having  a  general 
uortbem  luid  soottaern  trend,  an  average  elevation  of  about  5,000  feet, 
and  all  aro  drained  by  the  San  Pete  Biver  and  the  streams  flowing  into 
Utab  Lake.  The  moontain-ranges  standing  between  tbe  valleys  are  the 
Wasatch,  rising  in  its  highest  peaks  to  12,000  feet,  the  Lake  Mountains, 
and  tbe  Tiutic  Hills,  each  reaching  an  altitnde  of  nearly  7,500  feet. 

The  table-land  called  Gnnnison  Flatean  has  an  area  of  about  750 
square  miles,  and  an  average  elevation  of  8,000  feet  It  is  bounded  on 
tbree  sides  by  almost  vertical  walls,  and  is  extremely  rugged  and  diffl- 
cnlc  to  traverse. 

There  is  but  little  irrigable  land  in  tbe  eastern  portion  of  Mr.  Ben- 
shawe's  district, bat  the  broad  valleysof  tbe  western  portion  uontain  large 
areas  of  excellent  lands,  and  the  numerous  streams  famish  a  good  sup* 
ply  of  water.  Mr.  Bensbawe  determined  the  volnme  of  water  in  every 
considerable  stream,  as  well  as  tbe  extent  and  localities  of  tbe  irrigable 
lands,  thronghoat  bis  district 

On  tbe  plateaus  and  mountain -ranges  are  large  quantities  of  excellent 
timber.  On  the  head-waters  of  Price  Biver  and  on  Huntington  Greek 
are  extensive  beds  of  coal,  and  on  tbat  portion  of  tbe  Wasatch  Bange 
inclnded  in  Mr.  Benshawe's  district  are  deposits  of  silver  and  galena. 

Mr.  Bensbawe  extended  the  secondary  triaogulation  over  the  whole 
district  assigned  bim,  making  stations  at  an  average  distance  of  about 
eight  miles,  and  measoring  all  the  angles  of  nearly  every  triangle  in  the 
extension.  He  also  made  a  connected  plane-table  map  of  the  whole 
area,  and  complemented  his  work  with  a  complete  set  of  orographic 
akelches. 

Hypmrmelry. — The  hypsometric  work  of  this  season  reeta  on  a  primary 
base  established  at  the  general  supply  and  rendezvous  camp  at  Mount 
Pleaaant,  and  connected  by  a  long  series  of  observations  with  the  sta- 
tion of  tbe  United  States  Signal  Service  at  Salt  Lake  City.  At  the  base- 
station  obsMTvations  were  made  with  mercurial  barometers  fonr  times 
each  day,  and  for  eight  days  during  tbe  month  bnnrly  firom  7  a.  m.  to  9 
p.  m.  Merenrial  barometers  were  carried  by  each  held-parfy  and  obser- 
vatioDs  made  to  connect  every  camp  with  the  base-statioo.  All  tbe 
geodetic  points  and  topographic  stations  were  connected  by  observa- 
tions with  meronrial  barometers  either  with  the  camps  or  directly  with 
the  base-station  or  both.  All  the  topographic  stations  were  also  con- 
nected with  each  other  by  angulation,  and  from  these  stations  the  alti- 
tudes of  all  located  points  were  determined  by  the  same  method. 
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Inttrumenta — Baae-measuring  apparatus. — The  apparatus  used  in  meas- 
uring the  base-liDes  from  wbicU  the  primary  trianguIatioQ  is  developed 
consists  essentially  of  wooden  rods  aligned  and  leveled  on  movable 
trestles  or  tripods,  the  contact  being  made  by  coincidence  of  lines  in- 
stead of  by  direct  abutment. 

The  rods  are  15  feet  long,  one-balf  of  au  inch  square,  tboronghly  dried, 
oiled,  and  varnished ;  they  are  supported  in  cases  made  trnss-form  to 
prevent  sagging,  and  moved  in  these  cases  to  make  the  contact  by  a 
rack  and  pinion  motion.  Both  ends  of  the  rod  are  shod  with  a  plate  of 
brass  firmly  fixed  npon  and  half  the  width  of  the  rod,  or  one-fourth  of 
an  inch,  and  so  arranged  that  the  plate  npon  the  forward  end  of  any  rod 
projects  by  the  plate  upon  the  rear  end  of  the  preceding  one  in  such  a 
manner  that  botli  rods  are  in  the  same  straight  line.  The  line  of  coinci- 
dence is  marked  ux>oo  both  plates  and  contact  is  determined  by  a  mag- 
nifier. 

A  delicate  spirit-level  is  attached  to  each  case  to  ai^ust  it  horizontally 
and  a  thermometer  inserted  to  determine  the  temperatare  of  the  rod. 
Two  steel  pins,  by  which  the  rods  are  aligned,  are  fixed  oa  the  cases 
directly  over  the  center  of  the  ends  of  the  rods. 

The  tripods  (or  stands  upon  which  the  cases  carrying  the  rods  rest) 
have  short  double  legs  of  the  usual  construction.  Firmly  fixed  upon  the 
tri^wd-beads  are  two  uprights  npon  which  a  sliding  cross-piece  is  clamped 
by  thumb-screws.  Above  this  cross-piece,  parallel  to  and  carried  with 
it,  is  a  second,  which  can  be  moved  up  or  down  three-fonrths  of  an  inch 
by  means  of  a  long  slender  wedge  working  between  the  cross-pieces, 
and  furnishing  an  easy  means  of  making  the  final  adjustment  of  the 
rods  in  level.  The  uprights  are  several  inches  apart,  and  give  sufficient 
range  to  align  the  rods,  which  is  done  by  a  theodolite  placed  in  advance 
npon  the  line  to  be  measured.  Two  or  three  rods  and  six  or  eight  tri- 
pods are  osed.  The  rods  are  kept  in  a  horizontal  position,  and,  when  the 
inequalities  of  the  ground  demand,  vertical  ofisets  are  made  with  a  bhe- 
odolile.  The  line  is  first  ranged  out,  and  stakes  set  500  feet  apart  along 
its  length,  then,  with  six  men  to  work  the  apparatus,  3,000  feet  per  day 
can  be  measured  with  all  the  accuracy  the  refinements  of  the  triangu- 
lation  demand. 

TliCod^Ute. — The  theodolite  used  in  the  triangulation  is  of  a  new  pat- 
tern, embracing  a  nnmber  of  improvements  demanded  by  the  character 
of  the  work.  So  far  as  possible  the  number  of  parts  has  been  reduced 
by  casting  in  a  single  piece  parts  that  are  usually  combined  by  screws. 
In  this  manner  the  liability  to  derangement  incident  to  the  vicissitades 
of  mountain  work  is  greatly  reduced.  The  telescope  has  been  enlarged 
as  compared  with  the  graduat«d  circle,  so  as  to  make  its  defining  power 
bear  a  greater  proportion  than  usual  to  the  refinement  of  graduation. 
The  object-glass  has  au  aperture  of  two  inches  and  a  focal  length  of 
twenty.  The  horizontal  circle  is  ten  inches  in  diameter,  and  reads  by 
double  verniers  to  five  seconds  of  arc.    The  vertical  circle  is  five  iucbes 
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Id  diameter  aad  rea(!a  to  one  minnte.  The  instrnmeut  also  embraces 
other  improvemeiits  designed  to  secare  greater  stability,  with  ease  and 
rapidity  in  manipnlation. 

Plane-Table. — In  the  topographic  work  the  gradientor  and  sketch-book 
bare  been  superseded  by  tbe  plane-table  and  the  orograpb.  The  plane- 
table  in  use  is  of  a  pattern  designed  by  Professor  Thompson  especially 
for  work  of  this  character.  The  drawing-board  is  made  of  a  series  of 
slats  firmly  fixed  to  canvas  in  snch  manner  that  it  can  be  rolled  into 
small  compass  for  transportation  ;  bat  when  unrolled  for  work  it  is  so 
eecared  by  cross-pieces  and  screws  that  great  stability  is  attained. 
When  in  use  it  is  fastened  to  the  platen  of  tbe  orogntph.  The  position 
of  important  features  in  the  topography  is  fixed  with  an  alidade  by  the 
usual  methods  of  intersection  and  resection.  Details  are  placed  directly 
upon  the  map  while  they  are  still  under  the  eye  of  the  topographer,  and 
much  of  the  labor  and  uncertainty  of  description  by  notes  is  avoided^ 
and  tbe  experience  of  five  years  in  its  use  has  demonstrated  that  the 
plane-table  as  modified  is  equally  well-adapted  to  regions  of  mountains, 
hills,  plains,  or  plateaus.  The  sketches  produced  are  actual  maps  and 
not  mere  map  material.  They  need  only  to  be  adjusted  in  conformity 
with  the  triangulation,  and  but  slight  adjustment  is  necessary.  And  it 
has  been  further  demonstrated  that  a  topographer  in  one  field-season 
can  extend  bis  work  over  an  area  of  about  7,000  sqoare  miles  with  all 
tbe  accuracy  necessary  for  the  scale  adopted  by  the  Interior  Depart- 
ment for  the  physical  atlas  of  the  Bocky  Mountain  Region,  i.  «.,  a  scale 
of  four  miles  to  the  incb. 

Orograph. — The  orograpb  is  an  instrument  new  to  topographic  survey- 
ing, adapted  to  the  requirements  of  this  work  by  Professor  Thompson. 
It  consists  essentially  of  a  telescope  erected  above  a  platen  or  drawing- 
board,  on  which  the  movements  of  ita  optical  axis  are  recorded.  Tbe 
telescope  rotates  about  a  vertical  and  about  a  horizontal  axis,  similarly 
to  the  telescope  of  a  theodolite,  and  is  connected  by  simple  mechanism 
with  a  pencil  which  rests  on  a  sheet  of  paper  fixed  to  tbe  platform. 
When  the  tojiographer  moves  tbe  telescope  so  as  to  carry  ita  optical 
axis  over  the  profiles  of  the  landscapes  the  pencil  traces  a  sketch  of 
tbe  sama  This  sketch,  being  mechanically  produced,  is  susceptible 
of  measurement,  and  is  a  definite  and  authoritative  record  of  the  angular 
relations  of  the  objects  sketched.  The  instrument  is  also  furnished  with 
graduated  circles,  on  which  horizontal  and  vertical  angles  may  be  read 
to  tbe  nearest  half  minute,  and  these  circles  are  used  for  the  secondaiy 
triangulation.  The  orograpb  and  plane-table  are  used  conjointly,  and 
their  results  furnish  data  for  tbe  production  of  contour  maps.  It  is 
believed  that  by  their  introduction  tbe  quality  of  topographic  work  bas 
been  much  improved  without  addition  to  its  cost.  When  a  topographer 
takes  the  field  with  these  two  instruments  and  plane-table  sheets  oa 
which  the  primary  triangulation  has  been  previously  plotted,  be  returns, 
with  a  map  on  which  all  of  tbe  geographic  features  to  be  delineated 
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have  been  determined  by  their  aagnlar  rdotions,  and  the  scenic  char* 
aeteriaties  necessary  to  gire  proper  efiuct  to  the  maps  bare  been  ont- 
lined  by  instrnmeotal  means.  lu  this  manuer  the  sabseqnent  eoastrac- 
tion  of  m^ts  at  the  otBce,  ready  for  the  engraver,  ia  reduced  to  a 
mioimnm  of  labor,  while  for  the  proper  aocaracy  the  topographer  is  not 
neoesutated  to  resort  to  his  memory  for  the  appearance  of  the  land- 
flcape,  bat  only  to  the  definite  record. 

Barometers. — The  instraments  used  in  the  hypsometric  work  are  Green's 
mercurial  moantain  barometers.  Green's  psy cbrometers,  and  aneroid  bar- 
ometers of  the  nsual  constraction. 

Cartography. — Much  attention  has  been  given  to  this  subject  for  the 
purpose  of  determining  the  best  method  of  representing  the  topography 
of  the  region  surveyed,  taking  into  consideration  the  character  of  the 
country,  the  more  important  facts  to  be  embodied,  aud  the  scale  adopted 
for  the  physical  atlas  of  the  Interior  Department.  The  systems  of  car- 
tography in  nse  in  this  country  and  many  of  those  of  Europe  have  been 
examined  and  studied,  aud  many  experiments  have  been  made  in  the 
office  for  the  purpose  of  determining  the  beat  methods  adapted  to  these 
tircumstauces  and  couditions. 

For  the  physical  atlas  heretofore  mentioued  it  is  proposed  to  represent 
the  topography  by  contour  lines  with  auxiliary  hatchings  to  indicate 
rock  surfoce  and  shading  for  general  reliefs,  these  so  (^>plied  as  not  to 
obacare  the  contours.  For  special  purposes  hatched  maps  are  used,  for 
others  contour  maps,  and  for  purposes  relating  to  the  discnssion  of  geo- 
logical sttuctnre  maps  are  made  by  photographing  or  lithographing 
models  or  relief  maps  in  plaster. 

Classification  of  lands  hy  Mr.  Gilbert. — The  snrvey  uuder  the  direction 
of  Professor  Powell  has  been  extended  over  the  northern  portion  of 
Arizona  and  the  greater  part  of  Utah,  but  a  broad  strip  along  the  north- 
em  end  of  the  latter  Territory  was  embraced  in  the  snrvey  made  by  Mr. 
Clai<ence  King,  under  the  War  Department.  It  seemed  desirable,  how- 
ever, to  extend  the  classiflcatioo  of  lands  over  this  latter  region,  and 
thid  duty  was  assigned  to  Mr.  G.  K.  Qilbert. 

Mr.  Gilbert  took  the  field  at  Salt  Lake  City  luid  traversed  all  of  the 
Territory  lying  west,  north,  and  northeast  of  that  point,  a  tract  compri- 
sing so  much  of  the  drainage  basin  of  Great  Salt  Lake  as  lies  in  Utah.  In 
this  area  is  inclnded  the  most  valuable  portion  of  the  Territory,  as  well 
as  the  moat  sterile.  A  very  smalt  part  of  it  will  repay  cultivation 
without  irrigation,  but  this  is  exceptional,  and  in  gener^  the  possibility 
of  agriculture  depends  upon  the  possibility  of  artificial  watering.  The 
Bear  lUver,  the  Weber,  and  tho  Jordan  carry  as  much  water  as  can 
profitably  be  used  npon  all  the  lauds  to  which  It  is  practicable  to  convey 
them  by  canals,  and  those  lands  were  measured,  in  order  to  determiue 
the  agricultnral  capacities  of  the  river  valleys.  The  smaller  streams,  on 
the  contrary,  are  inadequate  to  serve  the  arable  lands  through  which 
they  severally  run,  and  the  agricultural  capacities  of  their  valleys  were  as- 
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certainetlbymeasuriugCbeTolumeofeaoIistreaiii.  EastofOreatSaltLake 
are  great  monntaia  ranges,  the  Waaatoh  and  tbe  Uinta,  and  large  streams 
flow  from  their  melting  snows  all  throagli  theanmmer  season.  The  Bear, 
the  Weber,  and  the  Jordan  Sow  to  the  lake,  and  tbe  throe  rivers  can 
be  made  to  reclaim  800,000  acres  of  land  in  their  valleys.  This  is  12A 
per  cent,  of  the  district  that  they  drain.  West  of  the  lake  tbe  plaius 
are  fntermpted  by  mountains,  bat  there  are  none  of  great  magaitnOc ; 
the  snows  of  winter  are  dissipated  too  early-in  tbe  spring  to  be  of  use 
for  irrigation,  and  much  of  the  land  is  an  absolute  desert.  In  a  total 
area  of  8,300,000  acres  only  21,000  acres  aro  of  value  for  fanning — one- 
foartfa  of  one  per  cent. 

These  estimates  are  based  npon  the  experience  of  the  farmers  of  tbe 
district,  who  have  practiced  irrigation  for  thirty  years,  and  hnve  given 
it  a  greater  development  than  can  be  fonnd  elsewhere  in  the  United 
States.  They  have  now  under  cultivation  a  third  part  of  the  irrigable 
lands  of  tbe  Bait  Lake  Basin,  and  aro  ntilizing  many  of  the  smnll 
streams  to  the  full  extent  of  their  capacities.  A  carefnl  stndy  was  made 
of  their  operations,  for  the  purpose  of  learning  the  quantity  of  water 
necessary  to  redeem  a  given  quantity  of  land  nnder  various  conditioDS 
of  soil  and  climate,  and  the  resulting  determinations  were  nsed  in  com- 
jinting  tbe  areas  susceptible  of  irrigation  by  the  streams  and  parts  of 
streams  that  are  still  unused.  The  greater  part  of  the  future  extension  of 
the  cultivated  areas  will  be  accomplished  only  by  extensive  engineering 
works,  inclndiDg  the  damming  of  the  principal  rivers  and  the  constmc- 
tion  of  long  canals.  Five  million  dollars  is  probably  a  moderate  esti- 
mate of  the  cost  of  redeeming  the  500,000  acres  that  are  susceptible  of 
reclamation,  and  the  requisite  capital  will  have  to  be  concentrated  upon 
a  small  number  of  largo  canals. 

Since  the  first  settlement  of  the  Territory,  in  the  year  1847,  the  water- 
supply  has  increased.  It  is  reported  by  the  citizens  Ibat  each  stream 
is  now  capable  of  irrigating  a  greater  area  of  land  than  when  it  was 
first  dsed.  Creeks  that  once  scantily  watered  a  few  acres  of  ground 
now  afford  an  ample  supply  for  doable,  treble,  or  even  fifty  times  tbo 
original  area.  This  increase  has  been  accompanied  by  a  rise  of  Great 
Salt  Lake,  which,  having  no  escape  for  its  water  except  by  evaporation, 
has  stored  np  tbe  surplus  from  tbe  streams.  For  the  purpose  of  inves- 
tigating the  extent  and  tbe  cause  of  the  increase  of  tbe  streamn,  Mr. 
Gilbert  made  a  study  of  the  flnctuations  of  the  lake.  It  was  a  matter 
of  common  report  that  the  surface  of  the  water  bad  been  subject  to 
considerable  changes,  and  that  on  tbe  whole  it  bad  greatly  risen  since 
its  shores  were  first  settled,  but  previous  to  tbe  year  1S73  no  systematic 
record  of  its  movements  had  been  kept.  In  that  year  a  series  of  obser- 
rations  was  inangurated  by  Dr.  John  B.  Park,  of  Salt  Lake  City,  at  the 
saggestion  and  request  of  the  Secretary  of  tbe  Smithsonian  Institution. 
A  small  pillar  of  granite,  graduated  to  feet  and  inches,  was  erected  at 
the  water's  edge  near  a  rocky  islet  known  as  Black  Bock. 
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Tbe  locality  was  then  a  popular  pleasure  resort,  and  the  record  was 
undertaken  by  Mr.  J.  T.  Alitchell.  Observations  were  made  at  frequent 
intervals  for  more  tban  a  year,  but  were  tben  interrupted  by  reason  of 
tbe  disuse  of  the  locality  as  a  place  of  resort,  and  tbey  bare  not  since 
been  resumed  in  a  systematic  way.  To  obviate  a  similar  diGBculty  in 
the  fbtare,  Mr.  Oilbert  caused  a  new  record-post  to  be  established  near 
the  town  of  Farmiugton,  where  the  work  of  observation  has  been  un- 
dertaken by  Mr.  Jacob  Miller,  and  it  is  anticipated  that  in  tbe  future 
there  will  be  no  break  in  the  continuity  of  the  record. 

In  the  interval  from  18i7  to  1875,  daring  which  no  direct  observations 
were  made,  there  was  nevertheless  a  considerable  amount  of  indirect 
observation  incidental  to  the  pursuits  of  tbe  citizens.  The  islands  of 
tbe  lake  were  used  for  pastnraf^,  and  the  facilities  for  the  transfer  of 
cattle  to  and  fro  were  greatly  affected  by  the  fluctnations  of  the  water. 
A  large  share  of  the  communication  was  by  boat,  and  the  frequent 
changes  of  landing-place  which  tbe  boatmen  were  compelled  to  make 
impressed  upon  their  memories  the  character  and  order  of  the  principal 
oscillations.  In  pursuance  of  the  inquiries  instituted  by  tbe  Secretary 
of  the  Smithsonian  Institation,  the  testimony  of  tbe  boatmen  was  com- 
piled by  Mr.  Jacob  Miller,  and  a  history  of  the  oscillations  was  deduced. 

A  similar  and  corroborative  history  has  been  derived  by  Mr.  Gilbert 
from  an  independent  investigation.  Two  of  the  islands  used  for  pastur- 
age are  joined  to  tbe  maiu>land  by  broad,  flat  bars,  and  during  the  lower 
stages  of  the  lake  these  bars,  being  either  dry  or  covered  by  a  moderate 
depth  of  water,  have  afforded  means  of  communication.  It  happeus 
that  the  Antelope  Island  bar  was  in  use  until  186d,  when  it  became  so 
deeply  covered  that  fording  on  horseback  was  impracticable;  and  tbat 
the  Stansbury  Island  bar  was  first  covered  with  water  in  1S66,  and  has 
been  used  as  a  ford  with  slight  exception  ever  since.  By  the  compila- 
tion of  the  testimony  of  those  who  have  made  use  of  these  crossings,  a 
continuous  record  was  derived  which  cannot  deviate  very  widely  from 
the  truth,  and  the  work  was  ehocked  by  making  careful  soundings  to 
ascertain  the  present  depth  of  water  on  the  Antelope  Island  bar. 

From  1S47  to  1850  there  was  little  change  beside  the  annual  tide — a 
variation  dependent  upon  tbe  spring  floods,  and  which  makes  the  sum- 
mer stage  in  each  year  from  one  to  two  feet  higher  than  the  winter. 
Then  the  water  began  to  rise,  and  so  continued  until  in  1855  and  1856  its 
mean  stage  was  four  feet  higher  than  in  1850.  This  progressive  rise  was 
followed  by  a  progressive  fall  of  equal  amount,  and  in  1860  the  lake  had 
returned  to  its  first-observed  level.  In  1862  there  began  a  second  rise, 
which  continued  for  eight  years,  and  carried  the  water  ten  feet  above  the 
original  level.  Since  1860  there  has  been  no  great  change,  but  the  mean 
height  has  fiuctnated  through  a  range  of  about  two  feet. 

As  tbe  lake  has  risen  it  has  encroached  upon  tbe  land,  and  tbe  shores 
are  in  many  places  so  fiat  that  large  areas  have  been  submerged.  At 
one  point  the  water  edge  has  advanced  15  miles,  and  the  surveys  of  Capt. 


APPEMDIX  TO  KEPOKT  OP  THE  8ECEETABY.        75 

nofcard  Stausbnry  and  Mr.  Clarence  King  sbow  that  from  ISoO  to  18C0 
the  total  area  of  the  water  surface  increased  from  1,750  to  2,16G  square 
miles,  or  nearly  21  per  cent.  By  tbis  expansion  the  enrface  for  evapo- 
ration was  increased,  so  that  tbe  lake  could  returu  to  tbe  atmospbere  tbe 
surplus  thrown  into  it  by  tbe  augmented  streams. 

Wbatever  land  is  at  any  time  flooded  by  tbe  lake  becomes  saturated 
with  salt,  and,  if  tbe  water  afterward  retires,  remains  barren  of  vegeta- 
tion  for  many  years.  Tbe  bighest  level  reached  by  tbe  water  in  storms 
is  marked  by  a  line  of  driftwood  and  other  debris.  Above  tbis  line  there 
is  u.-iually  a  growth  of  grass  and  sage-brush,  but  below  it  nothing  grows. 
Previous  to  the  last  great  rise  of  tbe  lake  the  storm-liuo  was  six  feet 
lower  than  at  preseut,  and  the  intervening  belt  of  land  still  retains  the 
stumps  and  roots  of  bnsbes  that  have  been  killed  by  the  advancing  brine. 
The  encroaching  water  overran  the  ancient  storm-line  in  about  the  year 
1860,  and  for  the  past  eleven  years  it  has  covered  ground  which  had 
been  exempt  from  incursions  of  brine  for  a  time  sufficient  to  permit  tbe 
rains  to  cleanse  the  soil,  and  for  a  further  time  sufficient  to  produce  a 
growth  of  sage-brush.  The  whole  period  is  as  likely  to  have  been  meas- 
ured by  centuries  as  by  decades. 

Thus  it  appears  that  the  last  twelve  years  have  witnessed  an  exten- 
BioQ  of  the  lake  which  is  not  only  without  precedent  iu  tbe  experience 
of  the  citizens  of  Utah,  but  is  clearly  an  anomaly  in  the  history  of  the 
lake.  To  explain  it,  and  to  explain  at  the  same  time  tbe  increase  of  the 
streams,  there  are  two  general  theories  worthy  of  consideration. 

Tbe  first  ia  that  there  has  been  a  change  of  climate  in  Utah  whereby 
tbe  atmosphere  is  moister,  so  that  the  fall  of  rain  and  snow  lias  become 
greater  and  tbe  rate  of  evaporation  has  become  slower.  The  second  is 
that  tbe  industries  of  the  white  man,  which  have  been  steadily  growing 
in  importance  for  the  last  thirty  years,  have  so  modified  tbe  surface  of 
the  land  that  a  larger  share  of  the  snow  and  rain  finds  its  way  into  tbe 
watercourses,  and  a  smaller  share  is  returned  to  the  air  by  evaporation 
from  tbe  ground.  Tbe  latter  theory,  which  is  the  one  proposed  by 
Professor  Powell,  is  considered  by  Mr.  Gilbert  the  more  probable,  and 
he  finds  reason  to  believe  that  tbe  tax  imposed  upon  tbe  streams  by  tbe 
work  of  irrigation  is  more  than  repaid  by  the  efliects  of  the  draining  of 
marshes  and  the  destruction  of  herbage  and  timber.  A  great  volume  of 
water  is  turned  opoa  tbe  cultivated  fields,  and  from  their  moist  surfaces 
ia  absorbed  by  tbe  atmosphere  witbont  ever  reaching  tbe  lake ;  bot,  on 
the  other  hand,  the  farmer  has  found  it  to  bis  advantage  to  drain  the 
beaver-ponds  and  other  marshes,  and  thus  check  the  evaporation  from 
their  surfaces,  and  the  streams  which  he  thereby  rescues  from  dissipation 
are  used  in  irrigation  for  a  few  moutbs  only,  while  for  the  remainder  of 
the  year  they  pay  their  tribute  to  the  lake.  Tbe  destruction  of  grasses 
by  herds  of  domestic  animals  and  the  catting  of  trees  upon  the  mount- 
ains expose  the  ground  to  the  sun  and  facilitate  tbe  m<'ltin<;  of  the  snow; 
the  removal  of  tbe  grass  opens  the  way  also  to  a  I'leei- circulation  of  sar* 
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foce-waters,  so  that  the  rain  aad  melting  snows  are  gatbered  more 
quicklf  and  tborongbly  into  rills  and  streams ;  and  botb  these  influences 
increase  the  inflow  of  the  lake. 

This  discnssion  has  an  important  bearing  npon  the  agricaltare  of  the 
arid  region,  for  if  the  theory  favored  by  these  gentlemen  is  the  trne  one 
the  work  of  irrigation  can  be  pnshed  forward  with  the  confident  assar- 
ance  that  the  supply  of  water  is  more  likely  to  increase  than  diminisb 
in  the  futnre;  and  it  may  even  be  possible,  when  the  subject  has  been 
fnlly  developed,  to  devise  measures  which  shall  directly  promote  the 
increase. 

Oeological  work  by  Mr.  Gilbert. — During  the  preceding  sommer  Mr. 
Gilbert  had  discovered  a  peculiar  series  of  phenomena  produced  by  re- 
cent orographic  displacements,  and  he  has  this  year  fonnd  op]H>rtunity 
to  study  them  in  numerous  new  localities.  It  appears  that  the  system 
of  faults  and  flexures,  the  system  of  upward  and  downward  movements, 
by  which  the  mountain-ranges  and  the  valleys  of  Utah  and  Nevada 
were  produced,  hare  continued  down  to  the  present  time.  Evidence  of 
recent  movement  has  been  discovered  on  the  lines  of  many  ancient 
faults.  The  ancient  shore-line  of  Great  Salt  Lake,  which  is  exhibited 
so  conspicaonsly  npon  the  sarronuding  mountain-slopes,  and  which  must 
originally  have  been  level,  is  uo  longer  so,  but  has  been  shifted  up  and 
down  by  the  displacement  of  the  monutaius.  Its  present  altitude  above 
Great  Salt  Lake  was  determined  at  four  different  poiuts  by  BpiriMevel, 
and  the  determinations  were  fonnd  to  range  from  966  feet  to  1,059 
feet  The  measurements  by  level  were  all  made  in  the  immediate  vicin- 
ity of  the  lake,  but  the  barometer  indicates  that  at  points  more  remote 
the  discrepancy  is  several  times  greater. 

These  observarions  are  valuable  additions  to  our  evidence  that  mount- 
ain-making is  a  work  of  the  present  as  well  as  of  past  ages,  and  that 
the  grand  displacements  by  faults  and  folds  are  caused  by  slow  and 
intermittent  movements. 

Mr.  Gilbert  also  traced  and  mapped  the  northern  i>ortion  of  the 
ancient  shore-line  of  the  lake  from  Salt  Lake  City  to  Betiding  Spring, 
following  its  siunons  coarse  for  900  miles  in  Utah,  Idaho,  and  Nevada, 
and  demonstrating  that  the  ancient  outlet  he  bad  discovered  the  pre- 
ceding summer  at  Bed  Bock  Pass  was  tbe  only  one  by  wbicb  the  lake 
had  ever  discharged  its  water  to  the  Snake  River. 

During  the  winter  of  1876-'77,  Mr.  Gilbert  prepared  his  report  on  the 
geology  of  the  Henry  Mountains,  and  the  manuscript  was  sent  to  tbe 
printer,  Tbe  Henry  Mountains  constitute  a  small  group  in  southeastern 
Utah  and  stand  quite  by  themselves.  They  are  of  a  peculiar  character 
and  represent  a  type  of  structure  that  has  never  before  been  folly  de- 
scribed. Mr.  Gilbert's  report  is  a  monograph  at  once  of  tbe  mountain 
group  and  of  tbe  type  of  mountain  structure.  The  mountains  are  of 
igneous  origin,  but  the  rising  lavas,  instead  of  outpouring  at  the  surface 
of  the  earth  in  the  usual  way,  failed  to  penetrate  the  upper  portions  of 
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tbe  crast  and  formed  sabterranean  lakea  or  chambers.  The  strata  Ijiug 
above  tlie  lava  lakes  were  upbeat  iu  tbe  form  of  great  bnbblea,  aud  from 
tbese  bubbles  pf  sandstone  and  shale,  with  their  cores  of  trap,  the  erosive 
agents  of  tbe  air  have  carved  the  mountains.  Tbe  moatitain  stracture 
is  thas  two-fold,  comprising  first  volcanic  upheaval,  and  second  atmos- 
pheric degradation.  To  aid  io  the  discussion  of  tbe  first  element  of 
structure,  Mr.  Gilbert  constructed  a  stereogram  of  the  district,  in 
plaster,  exbibiling  the  forms  due  to  upheaval  as  thoy  would  appear  if 
unmodified  by  degradation.  He  prepared  also  a  topographical  model, 
exhibiting  the  same  forms  as  actually  modified;  and  tbe  two  models 
will  be  reproduced  by  photography  to  illustrate  the  report.  The  treat- 
ment of  the  second  element  of  structure  ia  of  a  thorough  character  aud 
includes  a  discnssioD  of  the  general  principles  which  control  the  sculp- 
ture of  the  land  surfaces  of  the  earth  by  rains  aud  rivers.  Tbe  volume 
is  ready  for  the  binder. 

Geological  tcork  by  Captain  Button. — Captain  0.  E.  Duttou  resumed  his 
exploration  of  tbe  same  field  which  he  has  beeu  studying  for  three  years,' 
haviug  recognized  iu  it  a  certain  nuity  which  renders  it  eminently 
adapted  to  an  important  mouograpb.  The  region  explored  by  him  is 
centrally  situated  in  the  Territory  of  Utah,  extending  from  Mount  Nebo 
in  the  Wasatch,  nearly  southward  a  distance  of  about  ISO  miles,  and  hav- 
ing a  maximum  breadth  of  about  60  miles.  It  possesses  certain  features 
which  serve  to  distinguish  it  both  topo'graphically  aud  geologically, 
and  be  proposes  to  call  it  the  District  of  the  High  Plateaus  of  Utah.  It 
consists  of  a  group  of  uplifts  now  standing  at  altitudes  between  9,000 
aud  11,500  feet  above  sea-level,  while  tbe  general  platform  of  the  coun- 
try is  from  5,000  to  7,000  feet  high.  The  plateaus  have  beeu  carved 
oat  of  this  platform  by  great  faults,  and  tbe  general  strncturecorresponds 
closely  to  that  described  by  Professor  Powell  aoder  tbe  name  of  tbe 
Kaihab  structure,  and  illustrated  by  bim  iu  his  section  of  the  region 
traversed  by  the  Grand  Canon  of  the  Colorado.  The  relations  of  this 
belt  of  high  plateaus  to  the  regions  adjoining  are  of  special  interest. 
At  the  close  of  the  cretaceous  the  country  lying  to  the  eastward  of  it 
passed  by  gradation  from  an  oceanic  to  a  lacustrine  condition,  the  inter- 
mediate stage  presenting,  doubtless,  a  strict  analogy  to  the  couditiou  of 
the  Baltic.  This  eocene  lake  area  now  constitntes  the  southern  part  of 
the  drainage-system  of  the  Colorado  River.  Daring  cretAceons  and 
eocene  time,  the  area  now  occupied  by  the  Great  Basin  was  dry  laud, 
aud  its  denadatioB  must  have  furnished  a  large  part  of  the  sediments 
which  were  spread  over  the  bottom  of  the  great  lake.  Tbe  movements 
which  took  place  dnring  the  eocene  at  last  resulted  in  the  desiccatioa  of 
the  lake,  aud  though  a  strict  chronological  correlation  to  European  and 
other  divisions  of  time  cannot  be  made  with  certainty,  it  may  be  provis- 
ionally inferred  that  thisdesiccatiou  was  completed  before  the  commence- 
ment of  tbe  miocene.  It  was  brongbt  about  by  the  more  rapid  upliniug 
of  the  lake  area  than  that  of  tbe  Great  Basin,  until  at  last  tbe  former 
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area  becume  the  loftier  of  tlie  two,  thaa  rerersing  tbeii  relative  altitudes. 
The  lake  area  la  now  a  portion  of  the  soHjnlled  plateau  countrj,  and 
since  the  commeacemeDt  of  the  miocene  (para-miocene)  has  been  subject 
to  a  great  aud  cootiDuous  erosioD.  The  District  of  the  High  Plateaus 
occupies  a  portion  of  a  narrow  belt  separating  the  plateau  country  from 
the  basin  province,  and  therefore  stands  upon  the  locua  of  the  ancient 
shore-line,  which,  in  the  lacustrine  stage,  bonnded  the  two  areas.  To 
that  shoreline  they  stand  in  an  intimate  and  remarkable  relation.  To 
its  trend  the  great  displacements  maintain,  not  merely  a  general  paral- 
lelism, but  an  approximation  to  strict  parallelism  both  in  totality  and  in 
detail,  which  would  not  have  been  anticipated,  and  which  cannot  be 
purely  accidental,  and  seems  to  point  to  some  definite  determinative 
association  between  the  littoral  deposits  and  the  great  lines  of  displace- 
ment The  great  structural  features  are  these  faults  and  their  equiva- 
lent monoclinal  flexures.  They  are  remarkably  persistent,  extending  in 
parallel  courses  throughout  the  entire  length  of  the  region  surveyed. 
One  of  tbem,  the  great  ScTier  fault,  becoming  here  and  there  a  mono- 
clinal flexure,  has  been  traced  continuously  over  a  length  of  240  miles, 
and  others  of  nearly  equal  persistence  have  been  noted.  The  High 
Plateaus  belong  to  the  Plateau  country,  for  notwithstanding  tbe  great 
amount  of  dynamical  energy  indicated  in  their  uplifting,  they  preserve 
in  a  remarkable  manner  the  plateau  type  of  structure,  which  is  distin- 
guished sharply  from  the  arched,  flexed,  and  tilted  types  prevailing  in 
other  disturbed  localities.  There  is  an  abrupt  transition  firom  this 
plateau  structure  to  that  found  in  the  adjoining  basin.  There  are  some 
localities  where  one  may  hnrl  a  stone  from  one  province  to  the  other, 
and  in  general  it  may  be  said  that  the  dividing  line  must  pass  within  fl 
single  range  or  table.  The  plateau  province  seems  to  stand  here  in 
strict  correlation  to  the  tertiary  beds;  where  the  tertiaries  end  there 
also  end  the  plateaus.  The  relation  between  the  tertiary  and  cretaceous 
throughout  this  belt  is  one  of  general  unconformity ;  in  many  places 
where  the  contacts  are  seen,  the  tertiary  is  revealed  lyihg  across  the 
upturned  and  eroded  edges  of  the  cretaceous,  showing  clearly  a  break 
lietween  those  portions  of  the  two  series  which  are  here  preserved. 

Bnt  of  all  tbe  features  displayed  by  the  high  plateaus  the  most  re- 
markable are  the  manifestations  of  former  volcanic  activity.  Both  in 
area  and  thickness  the  volcanic  emanations  are  very  extensive.  They 
cover  more  than  5,000  square  miles,  and  sections  of  4,000  to  6,000  feet 
are  presented  withont  revealing  the  lowest  beds.  The  greater  part  of 
the  eruptions  took  place  after  the  lake  basin  had  been  drained  «r  had 
shrunken  to  limits  outside  of  the  district,  for  sedimentary  beds  have  not 
been  found  intercalated  between  the  various  flows,  but  always  underlie 
them.  It  is  therefore  impossible  to  fix  with  great  precision  the  com- 
mencement of  the  outbreaks;  but  the  general  indications  are  that  they 
began  very  soon  after  the  close  of  the  lacustrine  period,  and  they  may 
have  commenced  still  earlier.    Tbe  eruptive  epoch  was  andonbtedly  a 
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long  ooe.  Tbe  individual  &ows  are  very  aamerona,  aad  represent  all 
tbe  frreat  groaps  of  ernptivo  rocks.  In  many  cases  the  qaantity  of  tno- 
terial  extravo&ated  is  so  great  that  the  eruptions  may  well  be  called 
massive;  not,  however,  of  such  marvelous  extent  as  are  asserted  to 
have  been  ponred  forth  from  fissures  during  the  basaltic  period  in 
Oregon  and  Northern  California  ;  but  there  are  many  individual  sheets 
which  surpass  in  magnitude  any  which  is  known  to  have  emanated 
daring  recent  or  modem  times  from  any  existing  volcanic  vent  at  a 
single  eruption.  From  what  openings  these  masses  were  extravasated 
it  is  usaally  difficult  to  fix  with  certainty  and  precision.  So  vast  are 
tbe  accamnlations  and  so  expansive  are  the  sheets,  and,  at  the  same 
time,  so  numerous,  that  wheresoever  they  were  emitted  tbe  earlier  vents 
must  have  been  buried  by  later  deluges  of  lava ;  and  even  the  more 
recent  vents,  except  in  tbe  case  of  the  latest  basalts,  have  been  swept 
away  by  slow  erosion  in  tbe  long  period  which  has  elapsed  since  their 
activity  was  extinguished.  There  are,  however,  still  remaining,  distinct 
traces  of  localization  of  eruptive  activity  in  tbe  form  of  greater  accumu- 
latious,  at  some  points  from  which,  in  most  directions,  the  total  thick- 
ness of  the  volcanic  series  appears  to  attenuate.  Moreover,  in  those 
central  localities  of  maximum  accumulation  there  appears  to  be  a  large 
amount  of  what  might  be  called,  in  a  certain  sense,  unconformity  of  the 
variooa  eruptions,  and  greater  irregularities  in  their  bedding,  as  com- 
pared with  the  more  eveu  layers  and  more  regular  distribution  of  the 
sheets  more  remote  from  these  centers.  This  fact  appears  to  be  of  gen- 
eral application  also  to  existing  volcanic  regions  of  great  extent.  Cap- 
tain Dutton  has  succeeded  in  locating  at  least  five  areas,  from  which 
tbe  various  overfiows  appear  to  have  emanated,  and  believes  that  further 
research  might  result  in  the  determination  of  others. 

At  the  time  these  eruptions  were  in  progress  it  is  probable  that  the 
couutry  was  not  an  elevated  one  as  at  present,  though  it  may  havo 
been  a  rising  area.  The  great  displacements,  consisting  of  faults 
of  extraordinary  length  and  persistency,  took  place  after  the  close  or 
during  the  decadence  of  the  principal  eruptions,  and  it  was  at  this  lat- 
ter epouh  that  the  greater  part  of  the  general  elevation  of  this  portion 
of  the  plateau  province  occurred.  During  its  progress  mauy  eruptions 
must  have  taken  place,  and  their  later  age  is  readily  identifiable ;  but 
none  of  them  were  comparable  in  extent  and  in  the  volume  of  ejected 
materials  with  older  eruptions  prior  to  tbe  ^reat  displacements.  Al- 
though it  is  ordinarily  not  difilcult  to  determine  whether  a  particular 
event  preceded  or  followed  some  other  within  the  locality,  Ihere  seems 
to  be  no  way  of  correlating  these  different  events  strictly  with  the  epochs 
which  are  designated  by  the  sedimentary  formations  of  the  ac^oining 
country,  and  it  is  therefore  impossible  to  determine  the  exact  period  in 
the  chronological  scale  at  which  the  fholting  took  place,  further  than 
the  fact  that  it  must  have  occurred  long  enough  after  the  close  of  the 
eocene  to  allow  for  the  accumulation  of  these  vast  bodiea  of  volcanic 
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beds.  This  may  carry  theperiodof  fanlting  far  into  the  niioceoe  period, 
or  possibly  as  far  as  the  commencement  of  the  pliocene.  Bat  while  the 
first  stage  in  the  activity  of  these  aocieot  volcanoes  was  nodonbtedly 
the  greatest,  and  accompanied  by  an  incomparably  greater  amount  of 
extravasation,  it  by  no  means  constitates  the  whole  of  it.  Even  after 
the  great  displacements,  and  after  the  principal  topographic  features  of 
the  coQDtry,  depending  npou  structure  as  they  now  exist,  had  received 
their  shape,  minor  eruptions  continued  ;  they  present,  however,  a  some* 
what  remarkable  fact.  Dhe  later  eruptions  did  not  take  place  from  the 
same  centers  as  the  earlier  ones,  but  show  a  tendency  to  recede  from 
them  and  to  occur  around  the  borders  of  the  older  volcanic  district 
The  central  portions  of  the  volcanic  area  are  unquestionably  the  oldest, 
while  the  younger  ones  are  found  around  their  borders,  and  sometimes 
at  considerable  distances. 

One  point  which  dnringtbestndy  of  this  region  has  engaged  the  care, 
ful  attention  of  Captain  Dattou  has  been  to  ascertain  whether  it  presents 
any  such  sequence  in  the  lithological  character  of  the  eruptions  as  is 
asserted  by  Baron  Biehthofen  to  prevail  in  the  volcanic  districts  of 
Europe,  South  America,  Asia  Minor,  and  the  Sierra  Nevada.  This  as- 
serted sequence  has  engaged  the  profound  attention  of  most  volcanolo- 
gists  and  is  of  great  importance  in  relation  to  all  questions  bearing  upon 
the  origin  and  causes  of  volcanic  action.  Although  at  first  disposed  to 
doubt  the  prevalence  of  this  sequence,  and  not  favorably  impressed  with 
the  speculations  and  theoretical  views  of  Baron  Bichthofen,  Captain 
Dntton  has  reached  the  conclusion  that  the  high  plateaus  of  Utah  ex- 
hibit in  a  decided  manner  essentially  the  same  sequence  which  Bicht- 
hofen  claims  for  other  volcanic  regions.  The  earliest  eruptions  consist 
of  rocks  agreeing  well  in  lithological  chatsoteristics  with  those  described 
by  Bichthofen  under  the  name  of  propylite.  This  rock  is  usually  con- 
cealed if  it  exists  in  any  great  quantities  by  the  later  flows,  but  is  in 
several  places  brought  to  light  partly  by  the  great  displacements,  and 
partly  through  the  agency  of  erosion,  and  wherever  found  it  is  seen  to 
occupy  the  lowest  position  of  all.  It  is  also  worthy  of  note  that  this 
rock  is  found  at  those  points  which  constitute  the  centers  of  eruption 
before  referred  to,  showing  that  the  activity  which  it  ushered  in  coa- 
tinued  to  have  its  seat  through  a  long  cycle  iu  and  about  the  same  lo- 
cality. The  propylite  is  succeeded  by  a  rock  answering  to  Bichthofen's 
description  of  hornblende  andesite,  which  is  usually  overlaid  by  a  rock 
rich  in  augite  with  triclinic  feldspar  which  may  be  termed  sngitic  ande- 
site. Still  higher  in  the  series  are  found  immense  masses  of  trachyte 
which,  however,  is  firequently  intercalated  with  dolerite.  The  variety  of 
the  trachytes  is  very  great ;  so  great,  indeed,  that  were  It  not  for  the  per- 
sistence of  certain  mineralogical  as  well  as  textural  characteristics  which 
are  universally  accepted  as  beiug  distinctive  of  that  group  of  rooks,  one 
might  feel  strongly  tempted  to  make  numerous  subdivisions  of  them  into 
a  series  of  groups.     The  extremes  of  the  varieties  of  the  trachytes 
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miglit  be  represented  at  one  end  b;  a  coarsely  granular  micaceous  rock 
composed  chiefly  of  ortboclase,  and  is  sometimes  hornblendtc  and  some- 
times augitic,  at  the  other  end  a  bighl;  porphyritic  trachyte  consisting 
of  vell-dcveloped  ortboclase  feldspar  imbedded  in  a  fine  paste  highly 
charged  with  peroxide  of  iron.  Between  these  masses  of  trachyte  are 
intercalated,  though  iu  subordinate  qnantities,  beds  of  dolerite  showing 
distinct  crystals  of  striated  feldspar  with  great  abandance  of  augite  and 
magnetite.  In  the  earlier  and  grander  periods  of  the  eruptions  the  fol- 
lowing sequences  may  therefore  be  recognized ;  first,  propylite ;  second, 
aodesite ;  and,  third,  interblended  trachyte  and  dolerite.  Still  later  than 
these,  and  occurring  at  new  centers  of  eruption,  were  outpours  of  rhyo- 
lite,  while  last  of  all  were  erupted  around  the  outskirts  of  the  district 
great  quantities  of  true  basalt.  There  does  not  appear  to  be  any  single 
IcMsality  where  all  the  groups  of  rocks  are  fouud  superposed ;  neverthe- 
less the  relative  ages  do  not  admit  of  any  doubt,  whether  the  various 
beds  are  superposed  or  not;  but  white  furnishing  a  general  verification 
of  the  sequence,  the  district  of  the  High  Flateaas  presents  the  fact  with 
certain  modifications  which  may  he  set  forth  in  the  following  manner : 
In  the  lithological  scale  propylite  and  hornblendic  andesite  are  very 
nearly  intermediate  between  the  extremes  of  acid  rocks  represented  by 
rbyolite,  and  basic  rocks  represented  by  basalt  Taking  propylite  as  a 
starting-point  in  the  scale  of  classification,  we  find  two  divergent  series 
proceeding  on  the  one  band  toward  the  acid  end  of  the  scale,  and  on  the 
other  toward  the  basic  end.  As  we  follow  the  ernptions  down  into  the 
later  epochs,  we  find  that  both  series  are  represented  in  acertainseoseiu- 
depeudeutlyofeachothersotbattheyintercalate;  the  acid  becomiugat 
one  end  more  acid  with  the  progress  of  the  volcanic  cycle,  and  the  bosio 
rocks  becoming  more  basic.  Each  series  seems  to  pursue  its  own  order 
and  to  be  subject  to  its  own  law,  so  tbnt,  being  ongiually  divergent,  they 
become  more  and  more  widely  separated  in  their  lithological  characters 
as  the  cycle  proceeds.  Thus  at  the  commencement  of  the  activity  we 
have  propylite  and  homblcudic  andesite,  which  are  closely  assimilated 
to  each  other  iu  their  physical  characteristics;  at  the  middle  stage  we 
have  trachytes  and  motterately  basic  dolerites,  which  are  moderately 
separated,  aud  at  the  close  we  have  rbyolites  and  basalts,  which  stand 
at  the  opposite  ends  of  the  scale. 

Plan  o/publication. — In  the  geological  branch  of  the  work  the  plan  has 
been  adopted  as  far  as  possible  of  publishing  monographs,  each  embrac- 
ing all  the  studies  made  by  the  corps  of  any  particular  region  to  which 
it  relates,  preferring  this  to  a  system  of  annual  reports  consisting  of 
r^tamiH  of  the  field-notes  of  each  season.  Iu  the  preparatiou  of  these 
monographs,  relief  maps  or  plates  are  constructed  on  a  scale  of  two  miles 
to  the  inch  or  larger,  vertical  and  horizontal  scales  being  equal ;  and  to 
correspond  with  each  relief  map  a  stereogram  iu  plaster  is  constructed 
on  the  same  scale,  designed  to  exhibit  such  a  surfiice  as  would  appear 
had  there  been  no  degradation  by  atmospheric  agencies,  but  displace- 
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meot  ODiy.  By  tUis  meaus  the  characteristics  of  displacement  can  be 
studied  indepeadeut  of  the  phenomena  of  degradation,  with  which, 
iu  nature,  they  are  always  associsted,  and  by  which  they  are  more 
or  less  obscured ;  and  a  comparison  of  the  stereogram  with  the  relief 
map  gives  approximate  quantitative  results  of  degradation ;  that  is,  the 
two  factors  of  mountaiu  structure,  elevation  by  displacement  and  degra- 
dation by  rains  and  rivers,  are  separated,  that  each  may  be  considered 
independent  of  the  complicating  conditions  of  the  other. 

Geological  illtiatration. — Much  attention  has  been  paid  to  the  graphic 
representation  of  the  important  features  of  geological  structure.  The 
Kooky  Mountain  Begion  has  proved  to  be  ou6  of  great  interest  in  this 
branch  of  investigation,  because  of  the  peculiar  features  of  its  physical 
geography.  Long  and  towering  escarpments  are  found,  deep  cafions 
with  precipitous  walls  are  numerous,  its  hills  and  monntains  are  often 
without  soil  and  vegetation,  accumulations  of  subaerial  or  glacial  drift 
are  iufrequent,  and.  thus  the  general  rock-structure  is  well  revealed. 
Several  uew  methods  of  illustration  have  been  devised,  some  of  which 
hare  already  appeared  in  the  publications  of  the  survey. 

Ethnograpkio  work. — During  the  season  the  ethoographio  work  was 
more  thoronghly  organized,  and  the  aid  of  a  large  number  of  volunteer 
assistants  living  throughout  the  country  was  secured. 

Mr.  W.  H.  Ball,  of  the  United  States  Coast  Survey,  prepared  a  paper 
on  the  tribes  of  Alaska,  and  edited  other  papers  on  certain  tribes  of  Ore- 
gon and  Washington  Territory,  He  also  superintended  the  construction 
of  an  ethnographic  map  to  accompany  his  paper,  including  on  it  the 
latest  geographis  determinations  from  all  available  sources.  His  long 
residence  and  estcnded  scientific  labors  in  that  region  peculiarly  fitted 
him  for  the  task,  and  he  has  made  a  valuable  contribution,  both  to  eth- 
nology and  geography.  With  the  same  volume  was  published  a  paper 
OD  the  habits  and  customs  of  certain  tribes  of  the  State  of  Oregon  and 
Washington  Territory,  prepared  by  the  late  Mr,  George  Gibbs,  while  he 
was  engaged  in  scientific  work  in  that  region  for  the  government.  The 
volume  also  contains  a  Niskwalli  vocabulary,  with  extended  grammatic 
notes,  the  Iiist  great  ivork  of  the  lamented  author.  In  addition  to  the 
map  above  mentioned  and  prepared  by  Mr.  D.1II,  a  second  was  made, 
embracing  the  western  portion  of  Washington  Territory  and  the  northern 
pa  t  of  Oregon.  The  map  includes  the  latest  geographic  information, 
and  is  colored  to  show  the  distribution  of  Indian  tribes,  chiefly  from 
notes  and  maps  left  by  Mr.  Gibbs.  Much  of  the  linguistic  material  of 
this  volume  was  collected  by  correspondents  of  the  Smithsonian  In- 
stitution, and  turned  over  to  Professor  Powell  to  be  consolidated  with 
materials  collected  by  members  of  his  corps. 

These  papers  form  a  quarto  volume  of  30t  pages,  entitled  Contribntions 
to  INorth  American  Ethnology,  Volume  I,  the  first  of  a  series  to  be  pub- 
lished on  this  subject. 

Volume  II,  relating  to  the  tribes  of  the  eastern  portion  of  Washington 
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Territory  and  the  State  of  Oregon,  was  partially  prepared  for  the  printer, 
bnC  it  was  thought  best  to  withhold  its  poblication  nntil  farther  mate- 
rials were  collected  from  that  region. 

The  third  volume  of  the  series  has  been  pablished.  Tbis  relates 
to  the  Indians  of  Oalifornia.  Mr.  Stephen  Powers,  of  Ohio,  has  beeD 
engaged  for  several  years  in  the  preparation  of  this  rolnme.  The  first 
part  contains  an  accoant  of  the  habits,  costoms,  mythology,  &c.,  of  tbe 
several  tribes.  At  our  earliest  hnowledge  of  tbe  lodians  of  California 
tbey  were  divided  into  Bmsll  chieftaincies  speaking  diverse  langnages 
and  belonging  to  radically  different  stocks,  and  the  whole  subject  was 
one  of  great  complexity  and  interest.  Tbe  mnterials  collected  by  Mr. 
Powers  were  sufficient  to  successfully  unravel  the  difficult  problem  rela- 
tiug  to  the  classiQcatioQ  and  affinities  of  a  very  largo  number  of  tribes, 
and  his  account  of  their  habits  and  customs  is  of  much  interest.  A 
number  of  vocabularies  of  the  Smithsonian  collection  are  pablished  with 
those  of  Mr.  Powers.  Tbe  linguistic  portion  of  the  volume  was  edited 
by  Professor  Powell. 

The  volume  is  accompanied  by  a  map  of  tbe  State  of  California,  com- 
piled from  tbe  latest  official  sources  and  colored  to  show  the  distribU' 
lion  of  lingnistic  stocks. 

The  Rev.  J.  Owen  Dorsey,  of  Maryland,  has  been  engaged  for  more 
than  a  year  in  tbe  preparation  of  a  grammar  nnd  dictionary  of  the 
Ponka  language.  His  residence  among  these  Indians  as  a  missionary 
has  furnished  him  favorable  opportunity  for  the  necessary  studies,  and 
he  has  pushed  forward  the  work  with  zeal  and  ability. 

Prof.  Otis  T.  Mason,  of  Columbian  College,  has  for  the  past  year 
rendered  tbe  office  much  assistance  in  tbe  study  of  the  history  and  sta- 
tistics of  Indian  tribes. 

Brevet  Lieut.  Co!.  Garrick  Mallery,  U.  S.  A.,  has  during  the  year 
been  engaged  in  the  study  of  the  history  and  statistics  of  the  Indians 
of  tbe  United  States.  His  researches  lead  him  to  the  conclusion  that 
tbe  generally  received  opinion  that  a  very  large  Indian  population  oc- 
capied  this  country  at  tbe  time  of  its  discovery  is  erroneous ;  that  the 
supposed  rapid  and  general  decadence  of  the  Indians  arising  from  con- 
tact with  civilization  is  not  sustained,  and  that,  when  circumstances 
have  not  rendered  it  impossible,  they  are  making  reasonable  progress 
toward  civilization,  together  with  which  iu  many  instances  their  num- 
bers have  increased.  No  final  publication  on  I  he  subject  has  yet  been 
ssaed,  but  he  has  read  papers  before  the  Philosophical  Society  of 
Washington,  and  other  scientific  bodies,  to  invite  the  attention  of 
ethnologists  to  the  subject.  He  has  also  been  engaged  In  preparing  the 
history  and  bibliography  of  the  Klamath,  T'sinuk,  Waylletpa,  Sahap- 
tia,  and  other  families  of  Oregon,  and  his  papera  on  this  subject  wilt 
appear  iu  the  second  volume  of  Contributions  to  Xorth  American  Eth 
nology. 

In  March  last  Mr.  Albert  S.  Gatschet  was  employed  to  asidst  in  the 
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Study  of  lodiaQ  laugaages,  aoil  duriog  tlie  spriug  uoDths  bin  time  was 
occupied  as  ao  assiataot  in  compiliDg  tbe  bibliography  of  tlie  2iotth 
American  languages.  During  the  summer  and  autumn  moutlis  be  vis- 
ited a  uomber  of  tribes  in  Oregon  for  tbe  purpose  of  collecting  vocabn- 
lariea  nud  grammatic  notes.  On  his  way  to  tbe  field  he  stopped  at 
Ogdeu,  where  he  found  a  tribe  of  Shoshoui  Indiana  from  whom  he 
procured  a  vocabulary  of  about  five  hundred  words. 

In  Cbico,  Butt«  County,  California,  he  stopped  one  week  to  visit  the 
Mich6pdo  Indians,  a  branch  of  the  Maidu  stock,  where  be  collected  lin- 
gnistic  material  of  value.  From  Chlco  he  proceeded  directly  to  the 
Klamath  agency,  in  Southern  Oregon,  where  eight  weeks  were  devoted 
to  tbe  study  of  the  language  of  the  Klamath  Indians,  a  branch  of  the 
Modok  family.  Mr.  Gatschet  had  previously  studied  this  language  by 
obtaining  words  from  Modok  Indians  visiting  Washington  and  yew 
York,  and  his  work  at  the  Klamath  agency  was  a  continnation  of  such 
study.  Altogether  he  has  collected  a  vocabulary  of  about  five  thoa- 
sand  words,  also  many  sentences  aud  texts,  on  historic  and  mythologic 
subjects,  arranged  with  ioterlioear  translations. 

The  numerical  system  of  this  language  is  quinary,  and  the  numerals 
above  eleven  have  incorporated  particles  giving  them  a  gender  or  classi- 
fying significance,  apparently  based  upou  form.  Tbe  subject  and  ob- 
ject pronouns  are  not  incorporated  in  the  verb ;  the  personal  pronouns 
differ  from  the  possessive  ;  and  a  true  relative  prononu  exists.  An  im- 
portant characteristic  of  the  language  is  tbe  use  of  prefix  particles  iu 
nouDS  and  verbs  indicating  form,  aud  the  reduplication  of  the  first  syl- 
lable, which  is  usually  the  radical  syllable,  for  the  purpose  of  showing 
distribution.  It  la  often  equivalent  to  our  plural.  It  occurs  in  the 
singular  of  adjectives  indicating  shape  and  color;  iu  augmentative  and 
diminutive  nonus  and  verbs ;  in  iterative  and  frequentative  verbs;  and 
forms  tbe  distributive  plural  of  many  substantives,  adjectives,  numerals, 
verbs,  and  adverbs. 

From  tbe  Klamath  agency  Mr.  Gatschet  proceeded  to  the  Grande 
Sonde  agency  iu  tbe  northwestern  part  of  Oregon.  On  his  way  he 
stopped  at  Dayton  and  made  collections  of  Shasta  and  Umpqna  words 
from  reliable  Indians.  On  the  Grande  Eonde  agency  are  found  a  large 
number  of  tribes  and  remnants  of  tribes,  which  were  collected  there  after 
tbe  Oregon  war  of  lS5o-'5G;  and  with  tbe  exceptions  of  the  Klikatats 
they  are  all  from  Western  Oregon.  The  following  is  a  classificatiou  of  the 
linguistic  stocks  now  on  this  reservation:  Tiuneh,  Siletz,  Wayiletpu, 
Shasta,  T'slnuk,  Sahaptin,  Selish,  Modok,  and  Kalapuya.  TheKalapnya 
once  occupied  almost  the  whole  extent  of  the  beatiful  and  fertile  Willa- 
mette Valley,  and  one  branch  of  this  stock,  the  Youkiillii,  even  extended 
into  the  Umpqua  Vulley. 

The  Tudlati  language,  a  dialect  of  the  Kalapuya  stock,  was  tbe  one 
studied  by  Mr.  Gatschet,  aud  from  his  notes  tbe  following  characteris- 
tics appear:    Tbe  phonetics  ore  strikiugly  soft  and  harroonioaa,  aud 
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tbongb  coDSODants  are  often  assembled  id  large  dasters  tbey  never  of- 
fend tbe  ear,  nor  do  tbey  seem  unpronounceable  to  Americans,  A  large 
namber  of  words  begin  with  vowels,  especially  with  a,  i,  and  u.  Tbe 
substantive,  adjective,  aad  numerals  are  not  inflected  for  case,  as  in  the 
Modok.  Adjectives  and  numerals  and  some  substantives  are  varied  to 
indicate  tbe  plaral  number.  Tbe  parts  of  speech  are  very  imperfectly 
differentiated.  The  personal  and  possessive  pronouns  have  the  same 
form.  Gender  as  a  distinction  of  sex  is  indicated  in  the  singular  of  sub- 
ject pronouns,  but  not  in  tbe  plural.  Prefix  particles  are  esteusively 
used  to  express  tbe  mood,  voice,  and  tense  of  tbe  verb,  and  the  same 
particles  fulfill  this  function  in  the  noun,  Tbe  personal  pronouns  of  tbe 
direct  object  differ  greatly  from  tbe  pronouns  of  tbe  indirect  object ;  and 
every  one  of  the  three  persons,  in  the  singular  and  plaral,  possesses  a 
different  series  of  direct  and  indirect  objective  pronouns.  Tbe  conjuga- 
tion of  tbe  transitive  verb  differs  in  many  particulars  from  that  of  the 
intransitive.  There  appears  to  be  structural  affinities  between  the  Kala- 
pnya  and  Selisb  stocks.  Over  three  thoasand  words,  many  hundred  sen- 
tences, and  valuable  ethnologic  texts  were  collected. 

Besides  the  Micb6pdo,  Modok,  and  Todlati,  before  mentioned,  Mr. 
Oatschet  also  collected  vocabularies  and  sentences  of  the  following 
languages:  Sbosboui,  AcbomSwi,  Shasta,  Wlntun,  Waccan^ssisi, Wasko, 
Kldkamas,  M61ele,  I^estncca,  Yambill,  Lukam&ynk,  and  Akantcbuyuk. 
In  the  collection  of  all  these  vocabularies  tbe  "  Introduction  to  tbe  Study 
of  Indian  Languages,"  prepared  for  tbe  Smithsonian  Institution  by  Prof. 
J.  W.  Powell,  was  used. 

Dr.  H.  0.  Yarrow,  U.  S.  A.,  now  on  duty  at  the  Army  Medical  Mu- 
seum, in  Waabiugton,  has  been  engaged  during  the  past  year  in  tbe  col- 
lection of  material  for  a  monograph  on  tbe  cnstoms  and  rites  practiced 
in  tbe  disposal  of  the  dead  among  the  "Sotth  American  Indiana  To  aid 
him  in  this  work  circulars  of  inquiry  have  been  widely  circulated  among 
ethnologists  and  other  scholars  throughout  Korth  America,  and  much 
material  has  been  obtained  which  will  greatly  supplement  his  own  ex- 
tended observations  and  researches. 

Daring  tbe  summer  some  interesting  work  was  done  in  the  exami- 
nation of  the  stone  graves  of  Tennessee,  and  valuable  collections  were 
made.  Professor  Powell  basco-operated  with  tbelnstitutioain  providing 
for  a  more  thorough  examination  of  tbe  arohceology  of  tbe  islands  off  tbe 
shore  of  Southern  California.  This  exploration  was  made  by  Bev, 
Stephen  Bowers,  of  Indianapolis,  Ind.,  and  bis  report  will  bo  published 
■with  the  papers  of  tbe  Survey. 

A  small  volume,  entitled  "Introduction  to  the  Study  of  Indian  Lan- 
guages," bus  been  prepared.  This  book  is  intended  for  distribution 
among  collectors.  In  its  preparation  Professor  Powell  was  assisted  by 
Prof.  W.  D.  Whitney,  the  distinguished  philologist  of  Yale  College,  in 
that  part  relating  to  tbe  representation  of  the  sounds  of  Indian  Ian* 
gnages.    A  few  preliminary  copies  have  been  printed  and  distributed 
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among  gentlemen  iuterested  in  the  study  of  Indian  langnages,  for  sDch 
additions  and  emendations  as  may  be  suggested  preparatory  to  final 
publication.  A  tentative  claseiflcation  of  tbe  linguistic  fiimilies  of  the 
Indians  of  the  United  States  has  been  prepared.  This  will  be  publtshed 
83  soon  as  tbe  bibliography  ia  ready. 

In  pursniuK  these  ethnographic  investigations  it  has  been  theeodeavor, 
as  far  as  possible,  to  produce  results  that  would  be  of  practical  valoA 
in  the  administration  of  Indian  afEairs;  and,  for  this  purpose,  especial 
attention  has  been  paid  to  statistics,  the  progress  made  by  the  Indians 
toward  civilization,  and  tbe  causes  and  remedies  for  tbe  inevitable  con- 
flict that  arises  from  tbe  sprt^ad  of  civilization  over  a  region  inhabited 
by  savages.  It  is  believed  that  the  labors  in  this  direction  will  not  be 
void  of  useful  results.  t 

Survey  of  the  Black  HUU. — In  1875  a  reconnaissance  survey  was  made 
of  the  Black  Hills  of  Dakota,  by  Mr.  Walter  P.  Jenny,  with  a  corps  of 
assistants,  nnder  the  direction  of  the  honorable  Secretary  of  the  Interior. 
Ou  tbe  return  of  tbe  party  from  the  field,  Mr.  Jenny's  report,  relating 
to  the  mineral  resources  of  tbe  country,  was  immediately  published ;  but 
the  geographical  and  geological  report  was  unfinished  at  that  time. 
This  latter  work  was  left  iu  tbe  hands  of  Mr.  Henry  A.  Newton,  his 
geological  assistant,  to  be  completed.  On  May  23,  1877,  at  the  request 
of  Mr.  Newton,  the  completion  of  the  work  was  placed  nnder  the  direc- 
tion of  this  survey,  by  order  of  the  Secretary  of  the  Interior. 

On  consnltation  with  Mr.  Newton  it  appeared  wise  that  he  should 
visit  the  field  again,  for  the  purpose  of  determining  certain  doubtful 
pointB  in  the  geological  structure,  and  to  insert  on  tbe  maps  the  position 
of  the  several  towns  and  roads  established  in  that  region  since  tbe  dis- 
covery of  gold ;  and  Mr.  Newton  was  employed  for  this  purpose.  He 
bad  been  in  the  field  but  a  short  time  when  he  was  prostrated  by  the 
sickness  which  resulted  in  his  death.  Previous  to  his  departure  be 
completed  bis  report  on  the  geology  of  that  country,  and  the  map  had 
been  placed  in  the  hands  of  an  engraver;  the  whole  embodying  all  the 
facts  discovered  up  to  that  time.  Thus,  happily,  his  work  will  not  be 
lost.  It  is  expected  that  his  report  will  be  published,  during  tbe  present 
winter,  in  tbe  shape  in  which  it  was  left  by  him. 

The  death  of  Mr.  Newton  makes  a  serious  break  in  the  ranks  of  the 
younger  and  more  active  geologists  of  America.  He  possessed  rare 
abilities,  bad  much  experience  in  field  operations,  and  bad  received 
thorough  and  wise  training ;  and  his  work  iu  other  fields  had  exhibited 
his  ability.  But  tbe  great  work  of  bis  short  life  will  doabtless  be  bis 
report  on  tbe  geology  of  the  Block  mils  of  Dakota. 

During  the  past  six  years  one  branch  of  the  work  of  the  Survey  has 
been  considered  of  paramount  importance,  namely,  the  classification  of 
lands  and  the  subjects  connected  therewith.  The  object  has  be^  to  de- 
termine tbe  extent  of  irrigable  lauds,  timber  lands,  pasturage  lands, 
coal  lands,  and  mineral  lauds.    In  gencrnl  the  lauds  that  are  cultivable 
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only  tbroagh  irrigation  are  limited  by  tbe  supply  of  water.  There  are 
eome  exceptions  to  tbin.  Where  streams  are  found  in  narrow  valleys 
or  ran  in  deep  canons,  the  limit  of  agricoltoral  land  is  determined  by 
the  extent  of  the  areas  to  which  the  water  can  be  conducted  with 
proper  engiueering  skill.  Id  tbe  study  of  this  subject  many  interesting 
aod  important  problems  have  arisen,  nod  many  valuable  facts  have 
been  collected. 

From  the  survey  of  tbe  timber  lands  one  very  important  fact  appears, 
that  the  area  where  standing  timber  is  actually  fonnd  is  very  mach 
smaller  than  tbe  areas  where  the  conditions  of  physical  geography  are 
such  that  timber  should  be  foand  as  a  spontancoas  growth;  that  is,  the 
area  of  tia^>er  is  but  a  small  fraction  of  the  timber  region.  The  destrnc- 
tion  of  tbe  timber  in  such  regions  now  fonnd  naked  is  due  to  the  great 
fires  that  so  frequently  devastate  these  lands;  and  the  amoant  of  tim- 
ber taken  for  economic  purposes  bears  but  an  exceedingly  small  ratio 
to  tbe  amouDt  so  destroyed.  Hence  tbe  important  problem  to  be  solved 
is  the  best  method  by  which  these  fires  can  be  prevented. 

Another  sobject  which  has  received  much  attention  is  tbe  utilization 
of  tbe  pasturage  lands;  and  still  another,  the  best  methods  of  snrvey- 
ing  tbe  mineral  lands  for  the  purpose  of  description  and  identification, 
that  the  owners  of  mines  may  be  relieved  of  the  great  burden  of  litiga- 
tion to  which  they  are  subjected  by  reason  of  tbe  inaccurate  and  ex- 
pensive methods  now  in  vogue. 

UNITED  STATES  GEOOBAPniOAL  SURVEYS  WEST  OF  THE  ONE-HUK- 
DBBDTH  HBBIDIAN,  IN  CIIAEQE  OF  FIBST-LIF.UT.  OEOBQE  mI 
WBEELER,  CORPS   OP  EKGINEEES,  U.  S.  ARMY,  IS   1877. 

The  geographical  surveys  west  of  the  one  hundredth  meridian, 
onder  First- Lieut.  George  M.  Wheeler,  Oorps  of  Engineers,  United  States 
Army,  for  the  field  season  of  1877,  were  condncted  in  three  sections, 
named  the  Colorado,  Utah,  and  California  sections,  respectively.  In 
each  section  were  two  main  parties,  besides  special  parties  in  tbe  Utah 
and  California  sections,  making  ten  in  all.  One  of  the  special  parties  in 
Utah,  being  under  tbe  immediate  command  of  Lieutenant  Wheeler,  oper- 
ated in  the  northern  part  of  that  territory  and  southern  part  of  Idaho; 
others  nnder  his  immediate  direction  were  engaged  in  Utah,  Idaho,  and 
Sevada. 

(1)  The  parties  of  the  Colorado  section,  ander  Lieutenants  Bergland 
and  MorrisoD,  operated  from  Fort  Lyon,  Colo.,  the  former  wholly  in 
Colorado,  and  the  latter  mostly  in  New  Mexico,  and  to  some  extent  in 
Colorado  and  Texas.  The  special  field  of  the  former  was  in  the  Un- 
compahgre  region,  the  topography  and  drainage  of  which  were  deter- 
mined, and  tbe  Gunnison  and  Tumichi  rivers  ganged,  and  mines  of  the 
locality  examined.  Tbe  country  examined  is  well  watered,  with  plenty 
of  fish  and  game,  rich  minerals  in  tbe  mountains,  and  portions  of  the 
valley  of  the  Uncompabgre  good  for  agrionltoral  purposes.  For  the 
greater  part  of  the  season  the  party  nnder  Lieutenant  Morrison  waa 
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engaged  in  Central  Now  Mexico,  soutU  and  sontbeast  of  Santa  F6,  in 
the  area  of  atlas-sbeets  77  D  and  S'l  A  and  84  B.  Tbroogbont  tbe  Bio 
Grande  and  Fort  Stanton  sectioos,  good  agricultural  lands  were  foand, 
and  copi>er,  silver,  aud  gold  deposits  in  the  monntains.  Ancient  pue- 
blos, among  tbem  tbe  "Gran  Qaivira,"  were  visited,  and  a  cave,  in  tbe 
limestone  near  Fort  Stanton,  was  explored  for  the  distance  approxi- 
mately of  oue  mile. 

Tbe  various  parties  in  the  Utah  section  took  the  field  from  Ogden, 
that  one  ander  Lieutenant  Tillman  operating  in  tbe  area  between  the 
meridians  of  111°  aud  112=20'  west  longitndp,  and  the  parallels  of  43°  W 
and  41°  W.  Tbe  work  was  connected  with  a  base  measured  at  Ogdm. 
The  whole  area  was  triangulated  and  numeroos  secoudar  j  points  located. 
About  8,000  square  miles  were  surveyed,  and  the  data  collected  to  com- 
plete atlas-sheets  33  D  and  41  B.  In  September,  Lieateoant  Young, 
Corps  of  Engineers,  took  charge  of  this  party,  and  Lieutenant  Tillman 
proceeded  to  Fort'  Ellis,  Montana,  where  he  measured  a  base-line  in  the 
vicinity  of  the  main  astronomical  station  at  Bozeman,  for  fntore  use. 
Lieutenant  Biruie,  in  charge  of  Utah  party  No.  2,  operated  in  an  area 
connecting  with  the  geological  exploration  of  the  fortieth  parallel  ander 
Clarence  King,  with  a  view  to  finisbing  tbe  work  on  atlas-sheets  41  A. 
and  32  C,  containing  approximately  6,800  aquare  miles.  This  area  in- 
cludes the  great  basin  north  of  Great  Salt  Lake;  the  drainage  basin  of 
Snake  River;  several  detached  mountain  gronps,  which  were  examined 
for  low  passes,  these  passes  being  also  examined  aa  to  their  altitude 
compared  with  the  highest  beacb-marks  of  the  ancient  Lake  Bonne- 
ville; and  north  of  Snake  Biver  an  nnbroken  lava  desert,  remarkable 
for  its  rock  surface,  almost  entire  absence  of  water,  and  floe  grazing 
near  tbe  few  water-courses.  In  tbe  mountains  some  timber  was  found, 
and  they  have  been  prospected  for  silver  in  the  Clear  Creek  and  Black 
Fine  regions,  ft'om  which  a  few  streams  run  toward  Great  Salt  Lake,  to 
be  lost,  however,  in  tbe  neighboring  valleys.  Cattle-raising  is  exten- 
sively carried  on  upon  the  grazing-fields  in  the  vicinity  of  the  numerous 
tributaries  of  Snake  Biver,  running  south  from  the  mountains.  Snake 
Biver  was  gauged  and  examined  for  fords,  and  tbe  party  made  several 
trips  outside  the  area  particularly  alluded  to,  one  being  for  the  purpose 
of  determining  the  course  of  Wood  Biver,  and  to  examine  and  locate 
the  Great  Shoshone  Falls. 

The  parties  of  the  California  sections  took  the  field  from  Carson, 
Nev.,  in  June.  One  under  Lieutenant  Symons,  Corps  of  Engineers, 
occupied  the  area  of  atlas-sheets  ^8  B,  33  D,  and  47  B,  for  the  prosecu- 
tion to  completion  of  tbe  work  therein.  A  side  party  made  tbe  detour 
of  Pyramid  Lake  for  the  purpose  of  occupying  outlying  triangulation 
stations,  tbe  main  triangulation  being  extended  over  tbe  whole  area  to 
be  surveyed.  The  main  party  worked  from  Honey  Lake  Valley  north 
to  Eagle  Lake,  Horse  Lake,  Smoke  Creek,  tbe  Madelin  Plains,  and  by 
the  Warner  Bange  to  tbe  west  of  Goose  Lake  to  Drew's  Valley,  in  Ore- 
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gOD,  all  of  wbicb  area  was  occupied  with  a  view  to  correct  topograpliical 
dnta,  and  tbe  triangulation  carried  as  far  north  as  Beatty's  Bntte. 

Beturningby  the  east  shore  of  Goose  Lake,  Granite  Monntaio,  and 
Hooej  Lake,  to  Verdi,  ^ev.,  a  base  line  was  measnred  aod  the  triangu- 
latioQ  of  1876  and  1877  conoecled.  The  conntry  surveyed  by  tbis  party 
embraced  parts  of  California,  Oregoo,  and  Ifevada,  and  is  of  voleaoic 
origin.  Water  is  scarce,  and  except  in  the  valleys  there  is  scanty  veg- 
etation. 

Tbe  party  under  Lieutenant  Macomb  pursued  its  labors  principally  in 
the  area  of  atlas-sheets  47  D  and  56  B;  its  rente  was  np  Carson  Valley 
and  canon  into  Hope  Valley  to  Flacerville,  Cal. ;  thence  north  and 
among  the  headwaters  of  the  American  and  Tuba  rivers,  connecting 
with  work  of  the  previous  year.  In  Angnst  it  again  moved  from  Placer- 
rille  eastward  across  the  Sierras,  occnpying  numerous  triangulation 
points,  to  Silver  City.  Thence  it  moved  south  to  Sonera  Pass,  and  as 
far  as  Bridgeport,  Oal.  From  thence  its  course  was  north  by  tbe  Sweet- 
water Monntains,  and  west  by  San  Andreas,  to  Silver  City,  for  sup- 
plies, at  which  point  the  geologist  was  occupied  for  nearly  a  month  in 
the  moantaios  east  of  Carson  Valley,  and  the  Beld-season  closed.  The 
following  summary  shows  a  number  of  the  principal  instrumental 
observations  made: 

Kamber  of  azimuths  measured,  13 ;  number  of  sextant  latitude  sta- 
tions occupied,  118;  number  of  main  triangulation  stations  occupied, 
lOS;  Dumber  of  secondary  triangulation  points  occupied,  262;  number  of 
three-point  stations  occupied,  1,414 ;  number  of  meander  stations  occu- 
pied, 11,227;  number  of  variations  of  tbe  needle  taken,  423;  numbernf 
miles  measured',  9,728;  number  of  cisteru-barometer  stations  occupied, 
l,25w ;  number  of  aneroid  stations  occupied,  7,558.  The  highest  alti- 
tude noted  was  14,415  feet,  and  tbe  lowest  000  feet,  the  latter  at  San 
Andreas,  Cal. 

The  special  jiarties  operating  in  TJtah,  Idaho,  and  Nevada, other  than 
IJeatenaut  Wheeler's,  consisted  of  Dr.  Kampf,  Miles  Rock,  and  Francis 
Elett,  and  their  assistants.  The  results  of  their  labors  consist  in  the 
establishment  of  a  number  of  main  triangulation  stations,  the  measure- 
meat  of  three  bases,  the  occupation  of  a  nnmber  of  trigonometric  stations 
in  tbe  valley  of  the  Great  Salt  Lake  about  Ogden,  and  the  measurement 
of  several  minor  traveled  routes  from  tbe  Union  Pacific  Eailroad  to  the 
northward.  Tbe  special  parties  in  tbe  California  section  were  occupied, 
one,  under  Mr.  Weyss,  in  the  Lake  Taboe  region,  productive  of  very 
interesting  topographical  results;  andone,consistingof  John  A.  Church, 
mining  engineer,  and  A.  Karl,  in  a  critical  survey  of  the  Comstock 
Mines,  an  interestiug  preliminary  report  of  which  has  been  made 
by  Mr.  Oharch.  The  examination  of  the  Washoe  mining  region,  in 
which  the  famous  Comstock  lode  is  situated,  consists  of  an  elaborate 
contour  survey  of  tbe  entire  area  covered  by  the  mining  and  milling 
works,  delineated  upon  a  scale  of  one  inch  to  five  hundred  feet,  each 
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contoar  represeatiug  a  rertical  diatauce  of  fifty  feet.  Tbe  field- work  for 
this  purpose  ia  now  completed.  Croes-sectioDS  at  borizootal  distances 
of  one  haadred  feet  are  being  made;  the  worlciDgs  along  each  of  the 
opened  ierels  of  tbe  uumerone  miues  are  being  mapped,  and  a  longi- 
tudinal section  on  an  appropriate  scale  will  show  most  accurately  tbe 
relative  position  of  tbe  miues,  tbeir  present  openings,  and  the  lioes  of 
all  tunnels,  including  the  Sutro  Tnnnel.  In  this  work  tbe  engineers 
and  surveyors  of  the  region  have  gratuitously  contribated  tbe  use  of 
their  maps  and  tracings  made  by  them  for  the  several  mining  companies, 
and  especially  Mr.  I.  E.  James,  whose  name  in  this  relation  has  been 
connected  with  the  Oomstock  Miues  almost  continuously  since  their 
early  working.  The  examinations  proposed  to  be  made  include  the  sub- 
ject of  temperatures,  veutilatioQ,  drainage,  and  treatment  of  ores.  In 
this  work,  that  must  cover  a  number  of  years  in  order  to  prove  success- 
ful, the  ofBcer  in  charge  will  be  able  to  devote  some  of  bis  time,  and  the 
different  problems  involved  will  besubmitted  to  experts  in  tbe  branches 
of  geology,  mineralogy,  and  metallurgy. 

Mr.  Heushaw,  zoological  assistant,  accompanied  party  Ko.  1  of  the 
California  section  as  for  as  Southern  Oregon,  and  largely  supplemented 
tbe  collections  made  during  the  previous  year  illustrative  of  tbe  zoology 
of  that  interesting  region.  Tbe  habits  of  tbe  water-birds  were  carefully 
studied,  and  large  collections  made  of  skins  and  eggs.  A  thorough  col- 
lection of  fishes  was  also  made,  and  tbe  discovery  of  a  large  and  fine 
trout,  one  of  two  species  inhabiting  Lake  Taboe,  is  announced.  Tbe 
Lepidoptera,  Ortltoptera,  &c.,  gathered  have  yet  to  be  examined  and  re- 
ported upon. 

Mr.  A.  K.  Gonkling  accompanied  party  Ko.  2  as  geological  assistant, 
and  examined  tbe  eastern  and  western  slopes  of  the  Sierras,  in  contin- 
uation of  previous  examinations.  8ome  important  mining  stations  were 
visited,  including  Bodie,  where  new  and  promising  discoveries  of  gold- 
bearing  quartz  have  been  recently  found,  and  Aurora,  which  is  again 
becoming  prominent.  Tbe  country  examined,  however,  oGfers  few 
problems  of  interest  to  the  geologist,  preseutiog  a  monotonous  uniform- 
ity of  structure,  granitic  rocks  largely  predominating,  with  occasional 
evidences  of  volcanic  outbursts.  Volcanic  breccia  abounds  in  some 
sections.  Evidences  of  glacial  action,  so  abundant  at  Lake  Tahoe,  were 
found  at  various  points  southward,  notably  about  tbe  headwaters  of 
the  Stanislaus,  American,  and  Mokelumno  rivers.  A  small  collection 
of  vertebrate  fossils  of  the  Tertiary  age  was  ma<le  near  Carson,  Xe\'. 

At  tbe  Washington  office  the  usual  number  of  draughtsman  have 
been  continaously  engaged  upon  tbe  topographic  sheets  in  course  of 
construction,  upon  scales  of  one  inch  to  eight  miles,  one  inch  to  four 
miles,  one  inch  to  two  miles,  one  inch  to  one  mile,  and  one  inch  to  two 
thousand  feet.  Tbe  number  of  sheets  so  projected  as  to  conjoin,  cover- 
iug  the  entire  area  of  survey,  is  95,  each  19x24  inches.  Many  of  these 
sheets  are  now  complete,  and  thirty-two  sections  to  be  represented  by 
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distJDct  Bbeets  bare  been  entereil.  The  geological  maps  are  based  upon 
the  topographical-Btlaa  sbeeta,  and  have  corresponding  uambers.  The 
foUoffiog  sheets  appear  with  Uie  aDoaal  report  Bubmitted  to  the  Chief 
of  Engineers,  June  30, 1877,  Tiz :  Atlas-sbeet  53  0,  embracing  portions 
of  Central  Colorado,  and  showing  the  draiaage-basiu  of  the  South  Platte 
Birer;  01  B,  Ceutral  Colorado,  shoving  portions  of  tbe  drainage  basin 
of  the  Bio  Grande,  Arkansas,  Gunnison,  and  Sonth  Platte  rivors,  indi- 
cating ecoDomio  featarea ;  61  C,  sub,  part  of  Southwest  Colorado,  and 
drainage-basins  of  tbe  Gnnoison,  Bio  Grande,  Animas,  Mignel,  and  ITn- 
compabgre;  61  D,  embradng  portions,  of  Sontbem  Colorado,  and  lying 
priodpally  in  the  drainage-basin  of  tbe  Bio  Grande;  C5D,  embracing  a 
portion  of  Sontbeastem  California,  showing  the  interior  basin  of  Faiia- 
mint  and  Death  Valleys,  Amargosa  Biver  and  Owens  Lake  drainage ; 
69  B,  Southern  Colorado  and  Xortbera  New  Mexico,  lying  principally 
in  the  drainsge-baeius  of  the  Bio  Grande,  Oon^os,  Chama,  and  ^Navfyo 
men ;  70  A,  Soothem  Oolorado  and  Korthem  New  Mexico,  showing 
the  drainage-basins  of  tbe  Purgatory  and  Canadian  rivers,  and  Costilla 
and  Gulebra  creeks ;  70  C,  Northern  New  Mexico,  and  drainage-basins 
of  the  Canadian  and  Mora  rivers ;  and  77  B,  embracing  portions  of 
Central  New  Mexico,  and  lying  in  the  drainage-basins  of  the  Bio  Grande 
and  Pecos  rivers. 

All  these  sheets  except  63  0  and  61  D  show  economic  features  of  tbe 
ueas  represented  by  arrangement  of  colors. 

A  temporary  field  office  has  been  established  at  Ogden,  where  time 
and  meteorological  observations  are  being  taken,  aud  the  further  topo- 
gr^hical  and  liydrograpbical  survey  of  tbe  Great  Salt  Lake  basin  is 
being  carried  forward  by  a  special  party. 

Dnring  the  year,  volume  IV  of  tbe  quarto  reports  on  Paleontology 
has  been  published,  and  volnme  II,  on  AatroDomy  and  Barometric  Hyp- 
sometry,  is  passing  through  the  press;  as  is  also  a  catalogne  of  the 
mean  declinations  of  2,018  stars,  which  useful  work  will  supply  all  the 
weded  latitude  stars  for  the  entire  area  west  of  the  one  hundredth  me- 
ridian from  latitude  30°  to  60°  N.  Daring  that  part  of  each  year,  i.  e., 
trom  May  to  December,  in  which  the  season  is  best  adapted  for  sncli 
observations,  it  will  appear  that  this  Sorvey,  having  at  its  base  tbe  sya- 
Kmadc  collection  by  tbe  most  scientific  method  of  topographical  data 
for  an  accurate  map  of  the  Western  mountain  region,  bas  gone  on  with 
its  usual  vigor,  having  now  prosecated  its  labors  in  the  States  and  Ter- 
ritories of  Texas,  Colorado,  Nebraska,  California,  Nevada,  Oregon,  New 
Mexico,  Arizona,  Utah,  Wyoming,  Idaho,  and  Montana,  and  already 
pabUsbed  original  maps  covering  an  area  of  242,598  square  miles.  It 
^ill  l>e  seen  that  considerable  progress  bas  been  made  toward  tbe  com- 
pletion of  the  great  topographical  map,  on  a  scale  of  one  inch  to  eight 
miles,  that  will  embrace  an  approximate  area  of  1,143,360  square  miles ; 
or  an  area  considerably  larger  than  that  embraced  by  all  the  States  lying 
east  of  tbe  Mississippi  Biver. 
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TabhtkoKing  the  nuiabtr  of  entries  in  Iktrecord-bookio/ the  United  Slale$  National  Atuuum 
at  the  cloee  of  the  start  1876  anil  1877,  reepeetivet^. 
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LIST  OF  DONATIONS  TO  THE  NATIONAL  MUSEPM.IN  1877. 

Alaska  Covimercial  Company,  San  Francisco,  Cat.  Two  skins  of  the  blae 
fox  and  two  of  tbe  white  fox  [Vulpes  lagtypus),  from  the  Prybilov 
Islands,  Alaska. 

Ammen,  Commodore  Daniel,  Hydrographic  O^ice.  SoundlDgs  of  tbe  United 
States  steamer  Gettysborg,  on  thaGorringe  bank. 

Anderson,  W,    Bones,  shells,  &c.,  ttom  cave  in  Ohio. 

AppleUm,  B.  M.  (through  John  Sutherland).  Salmon-troat  and  white-fish) 
from  Lake  Winnipiseogee,  New  Hampshire. 

Arnold,  J.  Edward.  Three  eggs  of  sebtcbian,  from  Santa  Monica  Bay, 
'  California. 

Atkins,  Charles  0.  Collection  of  fishes  (salmon,  white-fish,  snckers,  &c.), 
ftt)m  Grand  Lake  Stream,  Maine. 

Anderson,  William.    Boxof  stoneimplemeats  and  pottery,  firom  Illinois. 

Babcock,  L.  L.    Skin  oiRedymeles  Zudortotanus,  from  Massachusetts. 

Baird,  Prof.  S.  F.  Three  everglade  kites,  two  boxes  fishes,  reptiles, 
shells,  seven  boxes  turtles,  fishes,  &c.,  and  potstone  dish  from  Florida; 
two  boxes  of  fishes  ftom  Wilmington,  N.  C;  box  of  fishes  from  Charles- 
ton, 3.O.;  four  living  terrapins  from  North  Carolina;  stone  tube  from 
Tennessee,  and  specimen  each  of  Morpho  eypris  and  M.  mmelata, 
from  South  America. — See,  also,  Washington,  UniMd  States  Pish 
Commission. 

Baldmin,  D.    Skull  of  black-tailed  deer,  and  skeletons  of  skunks. 

Ballou,  W.  n.    Box  of  Indian  relics,  from  Oak  Harbor,  Ohio. 

Bannister,  Marshall.    Box  of  skins  of  Massachusetts  binls. 

Barber,  E.  A.  Skin  of  loon,  fiom  California  (collected  by  J.  H.  Bnel), 
box  of  fossils,  shells,  and  minerals,  from  Colorado  and  Arizona. 

Barringer,  A.  L.    Four  boxes  of  living  snakes,  from  North  Carolina. 

Bassett,  WiUiavi.  Specimen  each  of  shad  and  cat-fish,  from  the  Sacra- 
mento River. 

Beach,  Miss  Agnes.    Horned  toad  [PhrffnoHoma),  from  Colorado. 

Beach,  Seth.    Piece  of  enamel  of  tusk  of  mammoth. 

Bean,  Dr.  T.  S.  Skin  of  night-jar,  specimeus  of  Hybognatkus  regius, 
Psendoplcuronecies  americanus,  and  plaice,  Pleuron^ctes  glaber;  frogs, 
(Rana  halecina  and  R.  clatnitans),  fktm  Washington,  D.  C;  three  boxes 
of  stone  implements,  Irom  Baiubridge,  Pa.,  and  stone  celt,  from  Ma- 
ryland. 

Bean,  Br.  T.  H.,  <&  F.  B.  Cusking.  Collection  of  fragmentary  pottery, 
arrow  heads,  &c.,  from  Washington,  D.  C. 

Beardslee,  Coinmander  L.  A.,  U.  8.  N",  Box  of  salmon  and  trout,  from 
Piseco  Lake,  New  York. 

Beaty,  John  F,    Ball  of  matted  hair  taken  ftom  stomach  of  Texas  ox. 

Beawliamp,  Eev.  W.  M.  Box  of  stone  implements  and  shells,  &om  West- 
ern New  Tort. 

L-,:,i.-,-t>Goo»^lc 
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Beaumont,  Tbomat.    Specimens  of  arrow-lieada  and  rocks,  from  Kansas. 

Beokmtb,  J.  R.    Devil  beetle  {Dyneutes),  from  Jfew  Orleans,  La. 

B^ing,  L.    Large  collection  of  birds'  skins,  fVom  Galiforaia. 

Beilinger,  EdmuHd.    Narcotic  bean  (Indian  *<  Freholea"),  from  Texas. 

B«neeke,  Louia,    Box  of  minerals,  from  Missonri. 

Bennett,  Dr.    Jaw  of  fossil  Macropus,  A-om  Darling  Downs,  Qoeensland. 

Bentutt,  C.  J.    Collection  of  arrow-beads  and  cbippings,  from  Virginia. 

Bennett,  Henry  B.    Fragments  of  pottery,  from  near  Cape  Henlopen. 

Berlin,  A.  F.    Collection  of  mde  stone  implements,  from  Fenneiylvania, 

Aniajw,  Dr.  F.  T.    Ecbinoderm,  from  Missonri. 

Binney,  W.  0.    Seven  Bpeciea  of  Helices. 

Biihop,  J.y.  Box  of  17-year  locust  and  box  of  minerals,  from  Con- 
neeticot. 

Bladi/ord,  Eitgene  O.  Specimens  of  blue-back  tront,  Backers,  Oriativomer 
namayeuah,  Salmo  ealar,  Goregonua  albua,  Lota  laeuetris,  Alepidosawrva 
/erox,  Argyroaomue  tuUibee,  smelt,  Eeox  nobilior,  Lacknaleemus,  Ostra- 
eion,  sbad,  Bermndian  prawn,  oyster  sbells,  and  many  other  species 
of  fishes,  tmm  varions  Idealities  in  the  United  States. 

Bland,  Thojnax.    Nine  species  of  Helices. 

Boardman,  Geo.  A.  Egg  of  Aramve  giganteus ;  moanted  skin  of  albino 
robin  from  Maine ;  skins  of  blue  heron  and  hawk,  from  Florida. 

Baekmer,  Geo.  B.    Nest  and  i  eggs  of  crow,  from  Maryland. 

Baiters,  Ret.  Stqthen.  Forty-four  bozeaof  ethnological  collections,  from 
Santa  Barbara,  Cal. 

Bogd,  Dr.  8.  B.    Shed  skin  of  black  snake. 

Brackett,  Gol.A.0.,  U.  8.  A.  Boxofbirds'8kinsandeggs,from  Wyom- 
ing. 

Bramfiyrd,  Dr.  John  F.,  U.  8.  N.  Thirty-fl  ve  boxes  of  pottery  and  tank  of 
alcoholics,  from  Nicaragua. 

BrazHian  Vommittion,  Philadelphia.  Specimens  of  glne,  marine  grasses, 
&c. 

Brodnax,  Benj.  H.  Indian  utensils,  and  iron  dust,  from  PlantersTille 
U. 

^rowa,  A.    Centipede  and  tarantula,  from  Texas. 

Brown,  Dr.  J.  J.  Box  of  Pupat,  Helices,  &&,  f^om  Bermuda ;  specimen 
of  Chroaomus  erythrogtuter,  from  the  Baraboo  River,  Wisconsin. 

Bntner,  0.  0.    Box  of  iuvertebrate  fossils,  from  the  Mississippi. 

Bunting,  Oen.  T.  B.    Two  stone  idols,  from  Guatemala. 

Butler,  A.  ^V.    Skin  of  Rxgulua  calendula,  from  Indiana. 

Carley,  B.  J.  M.    Specimen  of  borerctam,  and  box  of  Calcutta  oysters. 

Carpenter,  Lieut.  W.  L.,  IT.  8.  A.    Box  of  birds'  eggs,  from  the  West. 

Gate,  S.  B.    Casts  of  stone  implements,  from  Ohio. 

Cases,  Edward  P.    Carved  black-slate  dish,  from  the  northwest  coast. 

Catlin,  J.  C.    Insect,  from  Ohio. 

Centennial  Board  of  Finance,  Philadelphia.  The  Swedish  exhibit  of  iroa 
and  steol  at  the  Vienna  Exposition  of  1873. 
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Chapman,  N.  A.        Stooe  implemeDts,  from  Ohio. 

Ckase,  Oretn  M.    Specimen  of  Lota  Uicuatris,  from  Detroit,  Hich. 

Chester,  Capt.  H.  C.    Stomacbs  of  mackerel,  from  Fisher'n  Island  Sound 

Clark,  Geo.  A,    Spider,  from  Wasbiogton,  D.  C. 

Cleneay,  Tlunnas.    Collection  of  stone  implements,  from  Ohio. 

CoggsKell,  Amos.    Specimen  of  silver  ore,  from  Oregon. 

Coleman,  George.  S.    Specimen  of  coal,  from  Texas. 

Colein,  Verplanck,    Specimens  of  wliite-&8h  and  salfflon,  from  Baqoette 

aad  Bisby  Lakes,  ISeist  York. 
Cones,  Dr.  EllMt.,  U.  S.  A.    Five  skins  of  birds,  from  Wyoming  and 

Dakota. 
Coulter,  R.  M.    Crustacean  (Branchipus),  from  Ohio. 
Coup,  W.  C,  Neio  York  Aquarium.    Flying-fox  (fTeropiw);  and  Mexican 

Axolotl,  from  Germany. 
Courteaay,  William.    Insects,  from  Dakota. 
Crugcr,  Kortwright.    Fresh-water  polyp. 
Cunningluim,  K.  M.  C.    See  Gaines. 
Gushing,  Frank  S.  and  Eenry  J.  Biddle.    Three  boxes  of  cave  remaina, 

from  Hagerstown,  Md. 
Cheney,  8.  F.    Star-fish  and  specimens  of  coral,  from  Grand  Manan,  'S.B, 
Daggett,  P.    Eocks  and  minerals,  from  Yermont. 
J)atf,  Robert.    Two  fish  {Cyprinodonts). 
De  Beck,  £>.  W.    Collection  of  fossils. 
Derry,  C.  IF.    Box  of  silver  ores,  irom  the  "  J.  D.  Dana"  Ledge,  Daaa. 

ville,  Colo. 
Dimock,  W.  D.    Stooe  implement,  from  Ohio. 
Doron,  T.  S.    Specimens  of  fishes,  from  the  Alabama  Biver. 
Sougherlyvitle,  Tena.,  Quarry  Company.    Slab  of  marble. 
Downing,  S.  W.    Sulphate  of  soda,  in  deposit  and  solation. 
Duffy,  Daniel  J.    Specimens  of  Dorosoma  and  Syodon,  from  the  Tenues- 

see  Kiver. 
Duges,  Dr.  Don  Alfredo.    Box  of  birds'  skins,  from  Mexico. 
Dunn,  Geo.  II.    Casts  of  stone  implements  and  images,  from  Indiana  and 

Ohio. 
Dunn  Brothers,  Philadelphia.    Three  boxes  of  China  clays. 
Du  Pre,  D.  A.    Box  of  fossil  plants,  from  Virginia. 
Dickinson,  E.    Specimens  of  birds'  eggs,  from  Palestine,  and  nest  and 

eggs  of  Selasophorus  alleni,  from  California. 
Easton,  D.  M.    Specimens  of  quartz,  from  New  Mexico. 
Edxards,  Vinal  N.    Thirteen  boxes  of  fishes,  from  Wood's  HoU,  Massa- 
chusetts. 
Elliott,  B.  S.    Bone  from  round  of  beef  with  circular  rings. 
Ellstcorth,  E.  W.    Collection  of  shells  and   wooden  implements,  from 

Connecticut. 
Ecerajield,  Dr.  W.  0.    Drilled  ceremonial  implement  from  Maryland. 
Ferguson,  S.  W.    Live  snapping  turtle  and  specimens  of  pike-perch, 

from  the  Mississippi  Biver.  (    iioolr 
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Faker,  Miu  '■■■-■    OsilWotioD  of  EngUsb  moese*. 

FUuk,  J.  0.    SpecimeD  of  we,  ina  Fort  Smitb,  Ark. 

Fogg,  W.  S.    SpecimeD  of  fofiul  (Allomsia),  Stma  Indlaaa. 

Fori,  JfAn.    &uaB  impieBaeot,  firon  IlUaaia. 

ibnj,  J.  B.    Quartz  pel»ble. 

Aruy,  D,  B.    Spwrimeo  of  BtAgantia  irvo,  from  Virginia. 

Fox,  W.  S.    Thirteeo  bird's  skius,  from  ^ew  Hampshire. 

Frink^  W.  B,    Specimen  of  sounding  asrad,  fivm  Kaaia,  Havaii. 

Friik,  David  B.    Native  Onrib  okain.  ttom  Xurk's  Island,  West  Indies. 

Ffdter,  OapL  Jetefk  J.    CvOaatkou  of  fisbes,  biids  and  mammals,  from 

Eerguelen  Land,  S.  A. 
FtUhtigh,  D.  A.    SpeeifflBBS  of  Nt^amgetma  o&ryioIeuotM,  from  Bay  City, 
Mich. 
CoM,  Dr.  TV.  if.    Two  wooden  idols  aad  box  of  fdoohoUcs,  ttwa  St 

Domingo ;  one  Carib  wooden  4^air,  two  wooden  Carib  carringe. 
Qainet,  Muf.  A.&.^  K.M.  QmmKKeham,    Two  boxes  of  pottary,  £rom 

Uatale,A)a. 
QaX^Uh,  F.  0.    Arrow  points  and  stooe  impleinents,  from  Bainbridge, 

Penasylvania. 
Otrretiiy  J.  U.    Newt  in  abwlud,  flrom  FeonsylTania. 
Garland,  Maurice  H.    Bed4«led  bawk  (  BvUo  borealii),  from  Virginia. 
Qibbif  Om.  J.    Corals,  ball  of  matted  hair  from  stomach  of  cow,  seeds 

of  giant  yellow  stramoiiiiuB,  iud  stone  relics,  from  Turk's  Island, 

W.I. 
em,  Mrt.  Charlotte.    Inaists,  from  Colorado, 
eUtu,  Dr.  J.  M.    Box  of  sheila,  from  Oneida  CooBty.N.Y. 
Goodale,  8.  L.     Samples  of  Meubaden  oil  and  extraetum  eamia. 
Qooie^  O.  Brtvm.    C^lectkns  of  fishes,  shells,  ooral,  twenty-two  eggs  of 

Phaeton  JUtvieaudoj  and  fisb-trap  (model),  from  Bermuda ;  specimen  of 

salnnn,  tnm  the  Cooneotioat  Bivor. 
Gvrdon,  J.  J.    Specimen  of  coal,  from  West  Virginia. 
Oralum^  J.  B.    liods!  «f  flsb-wev. 
tirtuU,  Gwnarai  U.  8.    fiast  of  Geoeral  Grant  exeoated  in  wire,  exhibited' 

by  the  Pemvian  section.  International  Exhibition,  1876. 
Ortegor,  I.    CoUeotion  of  ladian  telica,  from  Florida. 
Grtjuh  A.    Photograpb  of  stemam  of  deer. 
Orieet,  Jetee  W.,  United  States  Indian  agent.    Specimen  of  mineral, 

from  Otoe  a^MU^,  Nebraska. 
Gundlaok,  Dr.  Jua».    Tea  ipemmens  of  birds'  skias,  frwn  the  West  In- 

Baldeman,  Dr.  S,  8.    Indian  slnngsbot  and  plame,  collected  by  Lewis 

and  Clarke  expedition. 
Hall,  M.  E.    Fnsh  and  ahtoholicspeoimeoa  of  berriqg,  from  Lake  Cham- 

plain, 
SaU,  Coft.  W.  G.    Basket,  oeremonial  ax,  and  collection  of  ahelli,  from 

the  Sonth  Sea  Islands. 

7  8  -,i>Goo»^le 


98      Appendix  to  befobt  of  the  sbcbetast. 

BaUtTf  Chris.  J).    Albino  roWo,  Id  flesh,  from  Virginia. 

Sallock,  Charles.    GoIleotioQ  of  aloohoHo  flBhea. 

HammoRa,  8.  0.    Minerals,  from  Alabama. 

Mardmlntrgh,  A.  JR.,  United  Stata  surveyor-ffeMral,  CaU/ornia,  Speci- 
mens of  gold,  silver,  and  other,  ores  from  rarions  mines  in  Oalifomia. 

Haskin,  8.  D.  Lydite,  celt,  and  doable-grooved  stone  ax,  from  Tennes- 
see. 

Barman,  A.  6.    Broten  arrow-head. 

Hayicariy  F.W,    Oollectlon  of  sirens,  from  South  Carolina. 

■Sesael,  Rudolph.    Specimen  of  Astaotu  fiuviatilii,  &om  Bohemia. 

Seicitt,  H.  S.    Specimen  of  pike. 

Setcitt,  John  B.    Bntozoio  worm,  from  liver  of  oat. 

Milder,  Fred.  F.    Collection  of  monnd  pottery,  from  Missouri. 

Sillf  Charlotte.    Fossil  insects  and  leaves,  from  Colorado. 

Sill,  H.  H.    Casts  of  stone  implements,  from  Ohio. 

Bimes,  Prof.  Chaa.  F.    Bones,  from  cave  near  Hagerstown,  Md. 

Mirat,  F.  Collections  of  fossil  shells,  bones,  fishes,  Indian  stone  imple- 
ments and  pottery,  birds'  eggs  and  skins,  fishes  and  worms,  and  skull 
of  Castor  fiber,  from  Wyoming. 

Hitchcock,  S.  N.  Skin  of  PlectrophaHet  maocowTii,  from  Arizona,  and 
skin  of  Lonisiana  tanager,  from  California. 

Hoffman,  Dr.  W.  J.,  U.  8.  A.    Albnm  of  autobiographical  pictures,  by 

'   '"Bunnlng  Antelope,"  a  Dakota  Indian  chief. 

Holden,  Captain,    Snake,  from  Indianola,  Tex. 

Hubbard,  8.  jr.    Box  of  California  birds'  eggs. 

Hulbert,  Robert  H,  Specimen  of  fish  {CkimtBra  plmniea),  from  the  La 
Have  banks. 

Itfig,  H.  L.  Box  of  stone  implements,  from  Lebanon  Connty,  Pennsyl- 
vania. 

Iruin,  Dr.  B.  J,  D.,  U.  8.  A.  Specimens  of  17-year  loonat,  from  Kew 
York. 

Ivet,  Frank.    Box  of  fossils,  from  Kenyon  Connty,  Minnesota. 

Jackson,  E.  E.  Penis  of  Lacertian  and  specimefae  of  gold-fish,  from  Soath 
Carolina. 

James,  Dr.  T.  S.    Box  of  Indian  relics,  fh)m  Arkansas. 

Janeway,  Dr.  J.  H.,  tJ.  8.  A.  Three  bottles  of  fishes,  fh>m  Saint  Aagoa- 
tine,  Fla. 

Jeffries,  W,  W.    Collection  of  rocks,  from  Pennsylvania. 

Jennings,  R.  G.    Bggs  of  tarantula^  from  Arkansas. 

Jeicett,  Colonel.  Bottle  of  parasites  {Cymothoids),  from  Santa  Barbara, 
Cal. 

Johnson,  W.  R.    Mineral,  from  Marion  County,  Virginia. 

Jones,  H.  R.    Stone  pipe  and  arrow-heads,  from  Indiana. 

Jones,  W.    Mineral  earth,  from  Alabama. 

-  Jordan,  Prof.  D.  8.  Collection  of  western  and  sonthem  f^h-watet 
fishes. 
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Kalety  J.  W.    lodiito  Btooe  tabe,  from  Ohio. 

Keep,  Profeuor.  

Eendriek,  Frank  F.    Specimen  of  ooal,  from  YirKiola. 

Kerekevaly  A.  W.    Qaartz  crystals,  from  West  Tirgiola. 

Kertksv,  John.    Box  of  fos^s,  from  Nebraski^) 

flMHin,  Theodore.    Swan,  in  flesh,  from  Maam'ee  Bay,  Ohio. 

KokHy  O,    OollectiOD  of  tnitlea  and  salamander  (Maiumlut  i'digitatua), 

ttom  Loaiaiana. 
iTrejft,  Qerard.    Specimens  of  Eleoirit,  percb,  and  Fha$cogaU,  ft'om 

QaeeoBland,  AoBtralio. 
KwklieK,  A.  L.    OollecCioii  of  bird^  skins,  from  Wisconsin ;  nest  and 

eggs  of  ZonotritAiaooronata,  from  Oalifomia. 
Langdtm,  Frakk  W.    OoUection  of  birds*  skins,  from  Ohio. 
Langley,  William  E.    Grab,  from  New  Sontb  Wales,  Anstralia. 
Lav>renoe,  Alfred  N.    Skeleton  of  cow-fish  (Tuniopt),  from  Bockaway 

Beach,  Long  Island. 
Le  Baron  J.  F.    Box  of  shells,  bones,  pottery,  &&,  ftom  Florida. 
Letton,  Eev.  J.  E.    Insect  {Lampyria),  from  Kentucky. 
Locke,   William  M.    Boxes  of  stone  implements,  from  Ohio  and  Sew 

York. 
Locktcood,  Samuel.    Prepared  skeletons  of  bass  and  shad. 
Loomig,  W.  T.    Two  frost-fish  ( Coregonvt),  from  White  Lake,  Kew  York. 
Love,  2>r.  J.  G.    Two  marine  shells. 
Lugger,  Otto.    Specimens  of  JJntbra  p}/gm4ea,  I^epkippta  fader,  Oobiidt, 

tt'c,  and  shark  {Qingtymostoma  ctrrhatMm),  from  Chesapeake  Bay. 
Ljtford,  W.  n.    Portion  of  lower  Jaw  of  mnsk-rat. 
MeAdoo,  Col.  W.  0.    Bos  of  pottery,  firom  Georgia. 
McOannIi,  Ai    Spedmens  of  mineral,  ttoia  Oalifomia. 
McGregor  (Jowa)  Artesian  Well  Oompany.    Bottle  of  artesian-well  water. 
MeKMeg,  Wm.    Box  of  Indian  relics  and  ftineial  nm,  fh>m  Georgia. 
MeLeod,  E.  R.    Black  fox  in  fiesh,  from  Maine. 
McTieiU,  Alexander.    Speoimen  of  sand  impregnated  with  aspbaltnm. 
XoWilUmna,  Dr.    Skit  of  Carpodaeua  heemarrhout,  from  Mexico. 
Mdkretikolz,  3.  A  A,    Tanned  skin  of  breast  of  hnman  being. 
Marxh,  H.  if.    Qaarte  pebble,  from  New  Jersey. 
JUtvrtin,  F.  H.    Skin  each  of  Dendroica  eoronaia  and  J>.  labumice,  from 

New  Hampshire. 
Maton,  Prof.  0.  T.    Fossil  fish,  frx>m  Califoroia. 
Mather,  Fred.    Eggs  of  Uropkydt  regiua  and  parasites  from  Meriobranchiu 

latenMt. 
Sfatteeon,  F.  f!.    Skin  of  cinnamon  bear  and  skin  of  cnokoo  {Co€cszu$ 

omaHcaniw),  from  Oregon. 
Maxeom,  0.  F.^    Salmon,  from  Lake  Michigan. 
Maimard,  0.  J,    Skin  of  Paaeerculus  prineeps,  fropi  Massachnsetts. 
Mazyek,  W.  O.    Box  of  alcoholic  specimens  of  molloaks,  from  Soath 

Carolina. 
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Meigs,  Henry.    Two  boxes  of  antiqaltiM,  fnmk  BoUria. 

Meigs,  Oeneral  M.  C,  U.  8.  A.    Bat,  in  fiesta. 

Meldrum,  Qeorge.    OolltotioD  of  XadiaD  Ddies,  from  Oblo. 

Mercer,  R.  W.    Sopposed  ccemated  romalDg  from  ladiaa  vase. 

Merrill,  Mr,  (through  J.  Hmtderton.]    Chipped  airow-points,  from  Illioois. 

Merrill,  Dr.  J.  C,  U.  S.  A..    Tbree  boxes  of  tnrd^  sUbs,  two  boxes  of 

general  oataMl-historj  oollectioBs,  ^in  of  FeiU  yaguarmuii,  from 

Texas. 
Mieklei)or«agh,  John,    Oolleotion  of  Lower  Sflnriaa  fossils,  from  Obia 
Middleton,  E.  J.    Thirty-six  birds'  and  one  weasel's  skia. 
Miller,  Soward.    Driad  plant,  from  Pennsylrania. 
Mills,  Clarlc.    Sixty-foor  easts  of  heads  of  Indians,  from  Florida. 
Milner,  J,  W.    One  box  general  aatuEal  history,  1  keg  of  aloofatdies, 

u  living  turtles,  box  of  fishes,  from  flavre  da  Qraee,  ICd.;  1  blaok 

bass,  box  of  etone  implements,  from  Illinois. 
MinnieviUe  Mining  Company,  New  Tori.    Specimeiu  of  iron  ore. 
Moore,  jr.  Bi    Foot  birds'  skins,  from  Kaasan,  ST.  P.,  West  Indies. 
Jfor^n,  Senator  Jok»  T.  {through  Interior  Jf^arlment).     Hica,  ttom 

41»ander  Oitf,  Ala. 
Mseller,  Dr.  Rudolph.    Stone  celts,  from  Obio,  and  moccasine,  from 

"Onster's  btttla-A^." 
Murphy,  W.  S£,    Jaws  of  .fiapJoidoH^tu  gruimmM. 
Nash,  J.  0.    Brass  hose-nozzle,  from  moaad,  in  West  Virginia. 
NatUmalMutmmt/Uetiioa.    Oolleotioaof  Uexieanethairiogiaaand  birds. 
Neff,  Ptt^.    Uaat  of  stooe  fyea. 
NeltOTty  E.  W.    Skin  aS  wUd  oat  {J^yna  nkfus),  from  Oallforola ;  coUection 

of  fishes  from  the  IIHools  and  Oalomet  Bivars ;  ooltoctioD  irf  ethno- 

logica  and  genenl  Mtnral  bistory,  ftam  Saint  Michael's,  Alaska. 
NrwtoK,S.    Tbraeboueaffoaiils,frotnthaBlaokHJlls. 
JITMelt,  Dr,  0.  M.    BpaoimaDS  in  ficdi  of  peacoek  and  Canada  gaose. 
Norway,  Kiiig  of.    Two  native  ehaira. 

Nottvtghim,  Wm.    Speetmea  of  JnaserafUM,  frem  Wasbingtoa,  D.  C. 
Nye,  Wtiiari.    Box  of  alcohalie  fi^NS,  from  New  Bedford,  Mass. 
Ofter,f.  A.    OoUectiw)  of  birds,  iBammals,repti)es,andfl8hes,from  Do- 

miniea;  and  box  of  geneml  aatoiial  history,  from  tba  Bahamas,  West 

Indies. 
Ogl«,  David  G.    Collection  of  rocks,  fossils,  and  Indian  relies,  (torn  Uary- 

land. 
Ordnamee  Zh^pwtmmt,  U.  S.  A.,  Oeti.  S.  V.  BenA.    Large  collection  of 

general  natoral  bistory,  fossils,  minerals,  and  Indian  implements,  fltom 

the  Weat. 
Osgood,  F.  Story.    Minerals,  from  Massachnsetts. 
Outerbridge,  A.  E.,  jr.    Microsoopie  slide  of  gold,  fh>m  the  United  Statics 

Mint,  Philadelphia. 
Owingo,  Mr.    Ipoostiene  nodale. 
Palmer,  Joseph.    Skeleton  each  of  hori<e  and  dock. 
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Palmer,  WWHam.    0<rilMUoB  of  flsbM,£rom  tli«  Potatnao  Blrer;  snakefi, 

ftvm  Vitfioia  and  Mfttrload. 
Peeler,  Henry  A.    Oaterpitlar,  from  Nev  Orleaae. 
Pergande,  Ph.    Coltae(a*n  of  •§9*,  bMM*  woad*,  ftc.,  iTMi  Miawari. 
PervuuuiU  SxkibiUon  Oompmnf^  PhiUtMpkia.    Vew  8«ath  Walea*,  Yio- 

toria's,  and  OamagbT's  wtliibttB  of  mioerala. 
Perrine,  T.  M.    Box  of  stone  imptoneDtar  fron  IIIiDoia. 
Phmmer,  Miu  S.  A.    Oau  of  mollaakB,  fnna  Califorala. 
Powel,  Samuel.    Two  tanks,  1  box,  aai  1  kag  of  ftahas,  from  Xenport, 

B.I. 
Predion,  D.  A.    Box  of  minerala,  fh>m  JopHa,  TAo. 
Queejuland,  Avatralta,  AodimalizaHon  Sodsty.    Package  of  seeds  of 

Mabafaaeitmlota  and  pbotograpbs  of  aborlKhies  of  Aastratia. 
Bamt^,  if.  A.    Spedmea  of  kaolin,  ftom  North  Oarolioa. 
Ban,  Dr.  CharUs.    Indian  stone  tnbe,  from  Warren  Oonnty,  Kentucky. 
SaveMtl,  H.  W.    Bermnda  grass,  firom  Aiken,  S.  0. 
Redding,  B.  B.    Fishes  and  invertebrates,  ttom  Japan ;  ^woimens  each 

of  awa((7harH»  salmone^a)  and  mnllet  {MMgil  ckAptaHa],  from  Honolalo. 
Beeder,  H.  J.    OaUfomia  salmon  {Salino  salor),  from  the  Delaware  Biver. 
Beid,  Dr.  J.  H.    Two  Indian  mallets  and  arrowhead,  from  Oolorado. 
Beinmdi,  Dr.  P.  F.    Box  of  microseopio  slides  of  meteoric  atones. 
SeU,  Prof.  J.  B.,   CentemM   Commwatoner.    Portngnese  aThoretnm, 

specimena  of  cottons  from  African  and  Indian  colonies,  books,  photo- 
graphs, Ac. 
Bepublie  {the)  Iron  Company,  Dmzid  Morgan,  Pretident.    Specimens  of  red 

specular  iron-ore. 
BevUte,  Fatker  D.    Anal  spines  and  interspinal  bones  of  sheep'shead. 
Bej/nolda,  Son.  A.  B.,  Minister  to  Bolivia.    Box  of  copper  ores,  from  Boli- 
via. 
Richard,  J.  S.    Thirty-one  turtles,  1  fVoig,  and  12  sbellB,  ft^m  Penusyl- 

Taoia. 
Biehmond,  A.  0.    StaaH  package  of  fragmentary  pottery,  from  New 

York. 
Bidgtcay,  Bohert.    Box  of  birds,  reptiles,  Ac,  from  Monnt  Carfflc),  ULj 

2  birds,  nest  and  eg^s,  from  Washington,  D.  C 
BelmrUon,  B.  8.    Two  stone  implements  and  portions  of  homan  crania, 

from  Illinois. 
Bobertton,  Dr.  W.  B.    ^wdmeBS  of  Campogtonta,  from  Holstein  Biver, 

Virginia. 
Bobinion,  Neill.    Stone  celt  from  West  Yirginia. 
Rommomd,  W.  B.    Box  of  stone  Implements,  from  Ohio. 
Rutt,  H.  y.    Box  of  moand  pottery,  from  Illinois. 
SamueU,  8.  B.    Mluerals,  fr<na  Virginia. 
Sckmt^,  J.    Bottle  oi  spiderSf  irom  Illinois. 
SelignMn,  Henry,  &  Co.    Sample  of  stable  •pnrtQ-ing  oompoand. 
^Mferv,  Q.  S.    Box  of  pottery  and  atone  implements,  from  Illinola- 

Google 
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Shaffer,  David  M.    Box  of  I7i»i<m,  ftom  Little  Miami  Biver,  Ohio. 
Skarp,  8.  Z.    Box  of  fresh-water  shells,  from  the  Holstein  Biver,  Too- 

neasee. 
Sharp,  R.  Bowlier.    Nine  species  of  Old  World  birds. 
Shavar,  Amanda  B.    Geological  specimeos,  from  the  Ohio  lUver  bottom, 
Shelby,  Dr.  D.    Stone  bowl,  ftom  Jackson  Conaty,  Alabama, 
German,  N.  A.    Oollection  of  bird  eggs. 

Shome,  Mr.j  through  T.  B.  Ferguttm.    Section  model  of  oyster  pnogy. 
SUngerland,  A.    Stone  Implemetit,  from  Hissoari. 
Smith,  J.  P.    Arrowheads,  from  Maryland. 

Small,  E.  B,    Two  grampcsea,  from  Higbland  light,  Massachasetts. 
Staiih,  JVanft.    Gollectiott  birds'  eggs. 
Smith,  W.  H.    Gall  insects,  from  Obapel  Hill,  'S.  G. 
Snyder,  8.  P.    Specimens  of  galena,  from  Wyoming  Valley,  Pennsyl- 
vania. 
Sonnajistine,  J.  F.    Sapposed  Indian  implement,  from  Ohio. 
Styuthwell,  J.  H.    Bone  perforator,  from  Illiaots. 
SpanglcT:,  Qeo.    Box  of  fossils,  from  Indiana.    , 
Spanish  L^ation,  Waahii^Um,    Collection  of  Spanish  pottery. 
jSta^ter,  James  P.    Snake  {Ophibolus  triangulua),  ttom  Maryland. 
Steams,  R,  E.  O.    Stone  implements  and  Indian  food,  from  California. 
Sterling,  Dr.  E.    Cast  of  ovaries  of  fish,  and  dwarf  pike  {Esox  pygmceua.) 
Stone,  Qen.  Chat.  P.    Block  of  Egyptian  marble. 
Stone,  Livingston.    Collection  of  salmonidie,  from  the  Clackamas  Biver, 

Oregon;  box  of  fishes,  from  the  McClond  Eirer,  California. 
Btowtf  Mrs,  Georgia,    Box  of  Indian  relics,  from  Pima  Agency,  Arizona. 
Sutro,  Adolf.    Papier-machS  models  of  the  Sutro  Tnnnel  and  Comstock 

Lode. 
Taggart,  R,  F.    Tooth  oi  Equut  ocddentalia,  from  West  Virginia. 
Talbut,  William.    Living  snake,  from  Washington,  D.  0. 
lanaka,  Ron.  Fuaimaro.    Collection  of  Japanese  coins. 
Tasmania,   Omemment  of.    Two  specimens  of  Platypus  and  three  of 

Echidna;  three  boxes  of  seeds  of  AnstnUian  plants. 
Tate,  Geo.  K.    Specimen  of  iron  pyrites,  from  North  Carolina. 
Thomas,  Hilton.    Orange  infested  with  insects. 
Thomson,  J.  R.    Chab-sucker  [Erimyzon  oblongus),  Paratraetus  piiquetotf 

and  Achirus  lineatus,  from  Massachnsetta. 
Tkomas,  Pack.    Staad  {Alota  sapidissima),  from  the  Ohio  Biver. 
Thompson,  J.  B.    Five  specimens  of  Salmo  quinnat,  reared  from  eggs 

planted  in  1874  and  1875. 
Tkomburgk,  Hon.  J.  M,    Fossil  coal  plant,  fW>m    Anderson  Coonty, 

Tennessee. 
Thornton,  8.  0.    Skin  of  common  myna  [Acrido^ierus  tri^is). 
TUghman,  Dr.  Choi.  R.    Seeds  and  shells,  from  craw  of  red-bead  dock. 
Tingley,  Prof.  Joseph.    Fossils,  from  Indiana. 
Tokio,  Japan,  Museum  of,  Ron. Kubo,  in  charge.    Colleetion  of 

voods  and  stone  implements,  from  Japan. 


APPENDIX  TO  9EP0BT  OF  THE   eECRETABT- '.  103 

Totur,  Dr.  J.  M.    Stone  pipe,  arrowheads,  and  nnflnished  tabe,  from 

Ohio  aod  Eentncky;  stoae  pestle,  irom  Maryland. 
Turner,  CfranvilU.    Spedmea  of  belemite,  from  the  Black  Hills. 
Turner,  Lueien  M.    £ight  boxes  of  ethnologica  and  general  nataral 

hisbH-;,  Saint  Michael's,  Alaska. 
VU,  Henry  I.    Box  of  botanioal  Bpeoimens,  from  Ifew  Jersey. 
Valentine,  O.  Q.    Box  of  stone  implements,  from  Yirginia. 
Tan  Bmtckoten,  Prof.  J.  0.    Stone  oeremonial  implooieDt,  from  moand 

in  Indiana. 
Fan  J>yt*,  W.  X.    Skin  of  Paitor,  from  Beirut,  Syria. 
Yiekert,  J.  P.    Stone  implement,  from  Illinois. 
WaikingtoH,  D.  0.  : 
Department  of  State.    See  under  the  name  of  Hon.  A.  H.  Heynolds,. 

minUter  to  Bolivia. 
Treasury  Department.    Box  of  building  stones,  from  new  cnstom-bouse, 
Chicago,  III. 
United  States  Coast  Surveg  {Capt,  C.  P,  Patterson,  in  charge).    S^iec- 
imens  of  starfish,  from  off  Cape  Cod,  Mass. 
War  Department : 
United  Stat^:s  Army.    See  under  the  names  of  CoL  A,  O.  Brackett, 
Lieut.  W.  L.  Carpenter,  Qen.  Af.  0.  Meiffs,  and  Lieut.  WiUis  Wittiek. 
Surgeon-  QeneraHa  Office.    See  under  the  names  of  Drs.  Elliott  Coues, 

B.  J.  D.  iricin,  J.  H.  Janeway,  and  J.  0.  Merrill. 
Survey  tcest  of  Uie  one  hmidredth  meridian  {Lieut,  0.  M.  Wheeler,  in 
charge).    Collectiou  of  weat-coast  fishes,  941  birds'  skins,  and  2 
bales  of  ethaologica,  &om  the  West. 
Bign<d  Service.    Bee  under  the  names  of  Sergeants  E.  W.  Kelson  and 
L.  M.  Turner. 
A'acy  Department  : 
United  States  Navy.    See  under  the  name  of  Commander  L.  A. 

Beardslee. 
Bureau  of  NavigoHon,  Commodore  Daniel  Ammen.    Soundings,  from 

the  Gorringe  bank,  by  the  United  States  steamer  Oettysborg. 
Medieal  Buream.    See  under  the  name  of  Dr.  J.  P.  Sran^ord. 
Interior  Department : 
General  Land  Office.    See  nnder  the  names  of  Surveyors- General  A. 

E,  Hardenburgk  and  John  Wasson. 
Indian  Bureau.    See  under  the  name  of  Indian  Agent  Jesse  W. 

Griest 
United  States  Oeologieal  Survey  of  the  Territories,  First  Division, 
[Dr.  F.  V.  Hayden,  in  charge).  Five  boxes  and  2  tanks  general 
natural  history  collections,  ttom  the  West ;  9  models  of  cliff-houses 
and  relief  maps. 
United  States  Oeologieal  Survey  of  the  Territories,  Second  Division 
(Prof.  J.  W.  Powell,  in  charge).  Eleven  pieces  of  Shoshone  In- 
dian clothing,  1  box  ethnologica.  See  also  nnder  the  name  of 
Bev.  Stephen  Boicers.  ^.  ^,  GoOqIc 
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WatUngtoH,  I>.  0. : 

United  States  Fiik  Conmimitn  {Pr»f.  S.  ¥.  B*Ml,  Oominittiomr). 
Eleven'  boxes,  4  tanks  moriiM  zoeio^,  oolleotcd  »t  Wood's  HiHl, 
Salem,  Maw.,  and  at  Haltftu,  IT.  S.  See  also  nader  the  oasoes  of 
Ckaa.  G.  Atlciru,  8.  F.  Baird,  T.  H.  Btm,  S.  0.  Ckmtm;  V-huil  H. 
Edufarda,  BuMph  Evasd,  A.  L.  f  wkUm,  J,  W.  iiUiWB,  md  Xmv 
%ng»ton  Stone, 
WtiU,  John  P.  Two  BtOBe  ErinbeAi  ftom  Flarida. 
Waaton,  Bon.  John  United  States  surveyor-general,  arizona.    SpeainenB 

of  gold  and  silver  ana,  from  varioas  mining  ebtaos  in  Arizoim. 
Way,  D.  S.    Living  diamond  rattlesaafae,  firom  Florida. 
Webb,  John  8.    Fossils,  from  near  Dayton,  Ohio. 
Werner,  W.  H.    Sbin  of  solituy  sandiiiper,  from  Peansylvania. 
Whitman,  G.  P.    Marine  fern  [Pennatula  phosphorea  var.  aatleata),  from 

Brown's  Bank,  Mass. 
Whittlesey,  Charles.    Cast  of  atone  implements,  from  Ohio. 
WiUeta,  Jos^h  G.    TrolUng-hook  used  for  lake-trout,  at  Skanestdea,  X. 

Y.;  14  botttes  of  Forida  flebes. 
Wiltird,  Mrs.  Celeste.    Box  of  iusecta,  from  Florida. 
Williams,  €.  Foster.    Shell,  Pyrula,  from  Tennessee. 
WiUiama,  Dr.  M.    Specimen  in  flesh  of  Mexican  flycatcher. 
Willianison,  J.  M.    SpeoimeDS  of  falgorite,  {torn  Illinois. 
Williamson,  T.    Spawn  of  black  bass. 
WVmot,  Samuel.    Specimen  of  Dvro&yma  JMfenmi,  trata  Lake  Hotod  ; 

stnfTed  skin  of  Ontario  salmon. 
Winchell,  Prof.  Alex.    CoUectioa  of  fVesb-water  fishes,  from  Teanessee. 
Wittick,  Lieut.  WilHs,  U.  8.  A,    CoUeotion  of  sbrews,  reptllea,  and  in- 
sects, from  Fort  Klamath,  Oreg. 
Wood,  Thomas.    Collection  of  fossils,  from  Maryland- 
Wooster,  A.  F.    Collections  of  general  natural  history  and  Indian  rdics, 

from  Connectieat. 
Yarrow,  Dr.  B.  0.    Box  of  slags,  ftom  Waahingtou,  D.  C;  box  of  shells 

{Hydatina),  from  Santa  Baiib»ia,  Gal. 
Yerkes,  Isaae.    Iwo  cries' and  qoartz  oryataL,  from  FanDsylvaDia. 
Younglove,  John  E.    Pentramites,  &om  Bowling  Gremt,  Ey. 
Jiliidt,  John  A.    Sample  of  ^aea  wook 
Unknown.    Two  boxes  alchotaolio  birds' abiaa;  oast  of  human  ftce;  2 

grooved  celts.;  pair  (rf  moccasins  and  belt;  3  pieces  (rf  rock ;  mkeoimeos 

mica  and  granite;  larvie  of  migratory  grasshopper. 
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U8T  OF  THE  MORE  IMPOETANT  EXPLORATIONS  AND  EX- 
PBDITION8,  THE  COH.ECTIONS  OF  WHICH  HAVE  CONSTI- 
TUTED THE  PRINCIPAL  SOURCES  OP  SUPPLX  TO  THE 
NATIONAL  MUSEUM,  WITH  INDICATION  OP  THE  DEPART- 
MBNT  OF  THE  GOVERNMENT  UNDER  WHICH  PROSE- 
CUTED. 

[Whan  no  dcpMtment  ia  mentLooed  it  U  to  bo  nndentood  that  the  mllMtioiu  wen 
nftde  mon  eapeoUiIly  ftt  tboieqQMtuid  nnder  tiia  direotloa  of  the  SmlthaonlaD  Id- 
■titDtiOD  And  to  s  greftter  or  l«aa  degree  at  its  expeose.] 

Prl«r  M  18S«. 

L  Captain  Witkea,  U.  8.  S".  The  oMwts  of  Suatb  America,  Western 
North  Amerioo,  Polyscsia,  eto.  183S-1M2.  United  States  Navy 
Departmmit. 

2.  Bev.  Dr.  Ourle^    Weat  Africa.    ia4S-1857. 

3.  Bet.  0.  W.  DetuiMon.    British  Qaiaoa.    1812-1S57. 

183*. 

4.  Dr.  D.  D  Ouen.    United  States  Geological  Son-ey  made  in  Iowa, 

Illinois,  and  MioBesots.    1850-18S7.    United  States  Geoenil  Land 
Office. 

5.  Captt.  X.  Sit^reaveB  and  J.  C.  Woodnrfy  V.  3.  A.    The  surrey  of  the 

Creek  boandary.    War  Department. 

6.  Dr.  J.  Svena.    United  States  Geological  Survey  of  Oregon  and 

Washington  Territories.    Land  Office. 

7.  Dr.  CharUa  T.  Jackaoti.    United  States  Geological  Surrey  of  Lake 

Snperior.    Land  Office. 

8.  Masn.  J.  W.  Foster  and  J.  D.  Wfutneg.    United  States  Geological 

Borvey  of  Lake  Superior.    Land  Office. 

9.  If.  Btimpson.    The  New  England  coast. 
10.  Thaddeut  Culbertton,    Upjter  Misaonri. 

1691. 
IL  Col.  J.  D.  Graham  and  Maj.  W.  H.  Emory,  U.  8.  A.    United  States 
and  Mexican  Boundary  Snrvey.    1851-1853.   Interior  Department. 

12.  Copt.  L.  Sitffreava,  U.  S.  A.    Zuoi  and  Colorado  Rivers.    War  De- 

partment. 

13.  Capt.  Howard  Stamburyt  U.  8.  A.    Tfae  Valley  of  the  Great  Salt 

Lake,  Utah.    War  Department. 

1839. 

14.  lAetit.  J.  M.  GiUiu,  U.  8.  JT.    United  States  Astronomieal  Expedi- 

tion to  CbiU.    1819-ldeffl.    Navy  Itepartment. 

15.  Limt.  W.  L.  Hemdon,  U.  S.  N.    The  Amaeon  and  its  tribntariea. 

Savy  Department. 

16.  Capt.  B.  B.  Marcs  and  Capt.  Oeorge  S.  MoOleUan,  U.  8.  A.  The  Bed 

Biver.    War  Department.  ,  ,  ,  r ,. 
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1893. 

17.  Dr.  E.  K.  Kane.    Nortb  Oreeuland. 

18.  Capta.O.£inffgoldandJ.Bodgerg,U.8.N.    Ezploratioaof  tbeCbina 

Seas,  Behriog  Straits,  coast  of  California,  etc    1853-1856.    yavy 
Department. 
Id.  Gov.  1. 1.  Stevens.    Tbe  Pacific  Railroad  Survey  of  the  forty -seventh 
parallel.    1853-1855.    War  DepaitmeDt. 

20.  lAeut  R.  8.  Williamson,  V.  S.  A.    The  Pacific  Railroad  Sarvey  on 

tbe  partial  route  in  California.    1853-1855.    War  Department. 

21.  Captains  Qvnnison  and  Beektvitk,  U.  8.  A.    The  Pacific  Railroad 

Survey  oo  tbe  thirty-eigbth,  tbirty-niotli,  and  forty-first  parallels. 
1853-1855.    War  Department. 

22.  Captain  Whipple,  U.  S.  A.    The  Pacific  Railroad  Sarvey  on  the 

thirty-fifth  parallel.    1853-1855.    War  Department. 

23.  Lieut.  J.  G.  Parke,  U.  8.  A.    The  Pacific  Railroad  Sarvey  on  the 

western  end  of  the  thirty-second  parallel.    1853-1855.    War  De- 
partment. 

24.  Capt.  J.  Pope,  U.  8.  A.    Tbe  Pacific  Railroad  Sarvey  on  theeasteni 

end  of  tbe  thirty-second  parallel    1853-1855.     War  Department. 

25.  Lieut.  B.  8.  Williamson,  U.  B.  A.    The  Pacific  Railroad  Snrvey  in 

California  and  Oregon.    1853-1855.    War  Department. 

26.  Commodore  M.  C.  Perry,  U.  8.  N.    Japan.    1853-1855.    State  and 

Navy  Departments. 

27.  Capt.  J.  Pope,  TJ.  8.  A.    Artesian  Well  Borings  in  the  Llano  Esta- 

cado.    1853-1857.    War  Department. 
38.  Dr.  George  Sucklei/,  U.  8.  A.    Washington  and  Oregon  Territories. 
1853-1856.    War  Department. 

29.  2)r.  J.  Q.  Cooper.    Washington  Territory,  California,  and  Nebraska. 

1853-1856.     War  Department. 

30.  Dr.  F.  y.  ffayden.    Upper  Missoori.    1863-1855. 

31.  Lieut.  D.  If.  Couch,  U.  8.  A.    Northern  Mexico. 

32.  Dr.  L.  Berlandier.    Sortheru  Mexico.    Collections  made  1826-1851 

and  purchased  by  Lientenant  Couch. 

33.  Capt.  T.  J.  Page,  U.  8.  N.    Paraguay.    Exploration  of  the  Parana. 

1853-1855.    Navy  Department. 

34.  K.  D.  Cutis.    The  California  coast.    United  States  Coast  Sarvey. 

35.  Prof.  S.  F.  Baird.    Wisconsin,  Illinois,  and  Ohio. 

l§34. 

36.  A.  J.  Yaughan.    Upper  Missonri.    1854-1855. 

37.  Dr.  P.  B.ffoy.    Wisconsin  and  Missoari. 

38.  Robert  Kennicott.    Illinois,  Minnesota,  and  Winnipeg.    1864-1S57. 

39.  Capt  R.  B.  Marcy,  U.  8.  A.    Brazos  River. 

40.  LieuL  W.  P.  Trotcbridge,   U.  8.  A.    The  Pacific  coast.    1864-1855. 

United  States  Coast  Snrvey. 
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41.  0tutaru»  Wiirdmmm.    Texas,  Lonidaoa,  and  Florida.    1854-1858. 

United  States  Coast  Sorre;. 
43.  Bev.  A.  C.  Barry.    WiwoQsin. 


43.  Prof.  S.  F.  Baird.    Coast  of  New  Jersey. 

44.  E.  8atnuel«.   OaliforDia.    1655-1856.   Boston  Society  of  2Tatnral  His- 

tory and  tbe  SmitliaoDiaii  lustitation. 

■  8S6. 

lo.  Maj.  O.  H.  Thofuaa,  U.  8.  A.    Vicinity  of  Fort  Ynma. 

46.  Lieutenant  Bryan,  U.  S.  A.    Wagon-road  sarveyfrom  Fort  Biley  to 

Bridger's  Pass.    1856-1857.    War  Department. 

47.  Lieut,  Q.  K.  Warren,  U.  8.  A.    On  the  Upper  Missonri  and  Yellow- 

stone.   War  Department. 


48.  W.  M.  Magraw.    Sontli  Pass  wagon-road.    1867-1858.    Interior 

DepartmenL 

49.  Capt.  T.  J,  Page,  U.  S.  S".    La  Plata  Biver  and  tributaries.    Navy 

Department. 
'50.  Donald  Outm.    Bed  Biver  oftheNortb  and  Nelson  River.    Hudson's 
Bay  Territory. 

51,  John  Xantug.    Fort  Biley,  Kans.,  and  Fort  Tejou,  Cal.    1857-1858. 

52,  Lieut.  N.  Miehler,  U.  8.  A,    Exploration  of  a  canal  roate.    Thelstli- 

moa  of  Darien.    War  Department. 
^  CoL  J.  E.  JohnaUm,  V.  8.  A.    Soutbem  boundary  of  Kansas. 
5i,  J.  K  Leec^    El  Paso  and  Fort  Ynma  wagon-road  route.    Interior 

I>epartmeat. 

53,  A.  Campbell   Northwestern  boundary  sorvey.  Western  end.  1857- 

1801.    State  Department. 

56.  Lieut.  O.  K.  Warren,  U.  8.  A,    The  Platte  Biver  VaUey.    War  De- 

partment. 

1938. 

57.  Capt.  Thos.  Blakigton,  R.  A.    The  Saskatebewan. 

58.  Lieut  J.  C.  Ivee,  U.  8.  A.    Navigation  of  the  Colorado  Biver.    War 

Department. 
Se.  Br.  F.  T.  Hayden  and  Prof.  F.  B.  Meek.    Kansas. 
W.  Dr.  F.  V.  Magden.    New  Jersey. 

1S39. 

61.  Capt.  J.  H.  Simpton,  V,  8.  A.    Kansas,  Nebraska,  and  Utah.    War 

Department 

62.  F.  W.  Lander.    Soath  Pass  wagon -road  route.    Interior  Depart- 

ment. 
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63.  LtMU.  Joha  MmSm,  U.S.  A.    W^^m-tmA  raaUft  fNtt  WaUs  WkIU 

to  Fort  Benton.    Interior  DeimrlnuiiC. 

64.  Capt  W.  F.  Saynoldt,  U.  S.  A.    Uppw  lliMonri  uiA  YellonvtAne. 

War  Department 

65.  Capt.  J.  N.  Maeomh,  U.  8.  A.    Sftn  Juan  and  Upper  Colorado.     War 

Department. 
GO.  JohnXantM.    Gape  aaiut  Lucas,  Loww  Caliloniia.    UsUcd  States 
Coast  Survey. 

67.  John  Feilner.    Fort  Crook,  California. 

68.  Eobert  Kennieott.    British  Korth  America  into  tbe  Arctic  Circle. 


69.  J.  W.  Tohnan.    Illinois. 

70.  J)r.  J.  B.  Bean.    Central  Florida. 

71.  Dr.  Sudden,  U.  S.  A.    Kansas,  Ifebraska,  and  Utah. 

72.  William  Cooper.    Bahamas. 

73.  Dr.  E.  Bryant.    Baliamas. 

74.  Dr.  J.  0.  Cooper.    Sonth  Florida. 

75.  Capt.  H.  0.  Wright,  U.  S.  A.    Tortagas. 

76.  Capt.  D.  P.  Woodbury,  U.  S.  A.    Tortngaa. 

77.  Dr.  Wkitekvrst.    Tortugaa. 

78.  Haint  Charles  College.    Louisiana. 

79.  Jatnet  McLeannan.    latbrnns  of  Panama. 

80.  Theodore  Gill.    West  Indies  and  Newfonndland. 


81.  Dr.  J.  6.  Cooper.    To  Oregon  via  Fort  Benton.    War  Department 
.  82.  Capt.  C.  P.  Stone,  U.  S.  A.    The  Gulf  of  California. 

83.  Dr.  C.  S.  CanfieU.    Tbe  coast  of  California. 

84.  B.  R.  Bost.    Mackenzie's  Birer  district    Fort  Simpson,  Hndson's 

Bay  Territory.     1860-1861. 

85.  George  Barmton.    North  shore  of  Lake  Snperior. 

86.  J.  Maekemie.    Moose  factory,  Hudson's  Bay.    1860-1863. 

87.  C.  Drexler.    In  Jamea  Bay,  Hndson's  Bay. 

88.  Elliott  Coues.    Tbe  coast  of  Labrador. 

89.  Williamt  College  Lyceum  of  S'atural  History.    Greenland  and  Lab- 

rador. 

90.  Dr.  W.  Stimpton.    The  coast  of  ETorth  CUvKaa. 

91.  Theodore  Gill.  JChe  coaat  of  North  Carolina. 

93.  Dr.  W.  W.  Anderaon,    Cantonment  Bargwyn,  N.  Mex.,  and  en  the 
Pecos. 

93.  J.  S.  Clark.    Tbe  Texas  boandary  snrrey.    Interior  Department 

94.  J.  W.  Susan,    Paget  Sound.    1860-1877. 
96.  Dr.  J.  B.  Bolder.    Tortagas. 

96.  Charles  Wright.    Cuba.    1860-1863. 

97.  J.  M.  Wo«dworth.    Hinesotn. 

98.  Patrick  Duffy.    New  Mexico. 
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99.  W.  A.  SetkiTf.    Labrador  BtiHpw  Bxpeditton. 

100.  LieuU  J.  D.  Kurti,  U.  S.  A.    Od  the  Atlsntie  couBt  of  the  United 

States. 

101.  F.  Oermain.    Chili. 

103.  P.  8.  Doid.    Sable  Island,  Nova  Scotia. 
103.  J.  R.  WiUis.    Ifova  Scotia. 
101.  IF.  G.  VfnAHt.    Neva  Seotia. 

lOa.  JohnXanhu.   Cape  Saint  Lncaa  and  the  Golf  of  Calitornla.    United 
Stal«8  Coast  Surrey. 

106.  S^^>trt  Kennicott.   Hudson's  Bay  Territory :  Fort  BesolotioD,  FeePs 

Biver,  and  Fort  Ynkon. 

107.  Lawmtce  Clarlc^jr.    Eadsou's  Bay  Territory :  Fort  Bae  and  Great 

Slave  I^abe. 

tH9. 

108.  John  Xanba.    Western  Uexieo  in  the  vicinity  of  OoUma  and  Man- 

zanillo.    1862-1863.    State  Dfpartmcat. 

186S. 

109.  Henry  Connolly.     Hadson's  Bay  Territory:    Bigollet,  Labrador. 

1868-1866. 

110.  Son.  0.  B.  Riotte,  United  statea  mtnuttr.    Ooata  ffioa. 

111.  J.  0«r«Mt.    Oosta  Biea. 

112.  Dr.  Charles  aarioriiu.    Bntara  ICeorioe. 
lU.  Pro/.  J*.  SMtMrwf.    Oriaaba,  Moxiea. 

IIL  Capt.  John.  M.  Dov>.    Wwt  eoaet  of  OeBtnl  America. 
lU.  San.  O.  £.  Suekaiew,  Umiied  Statm  minittw.    Boaador. 
116.  Dr.  Slliott  Coves,  U.  S.  A.    Arizona. 
IIT.  Dr.  R.  Hits.    Upper  Hliwoari. 

118.  Capt.  John  Feihier,  U.  ft.  A.    Upper  Uisaont!. 

1M4. 

119.  CoL  A.  J.  Qrayaon.     Vicinity  of  Mazatlan,  Indndhig  the  Tres 

Marias  and  tile  Bevltlagigedo  Isluids. 

120.  Dr.  Arthur  SohoU.    Yucatan,  under  Mm  Bosptoea  of  tbe  goveninieat 

of  the  province. 
12L  Bon.  D.  E.  Cartter.    Bolivia. 

122.  W.  T.  March.    Jamaica. 

123.  N.  H.  Bishop.    Cuba. 

124.  Lieutenant  Fit^erald,  Brlttth  Army.    Nev  ProvideDce,  Bahamas. 


125.  Gov.  William  MeTatish.    Vicinity  of  Pbrt  Garry. 
1%  Robert  Kennicott.    Alaska  aod  BritiA  Cdnmbla. 
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137.  Ih:  H.  Berendt.    British  Eoodoras  and  the  intecior  of  Ooatemala. 

128.  Robert  Swift.    Saint  Thomu  »sd  Porto  Bioo. 

129.  George  Latimer,    Porto  Bico. 

130.  Bev.  S.  B.  Trittram.    Palestine. 

laee. 

131.  C.  P.  Qaudet.    Hndson's  Bay  Territoir :  Fort  Good  Hope. 

132.  William  L.  Hardetty.    Hudson's  Bay  Territorr:  Fort  SimpBon. 

133.  Strachan  Joim.    Hudson's  Bay  Territory:  Yicinity  of  Fort  Bae. 

134.  James  Loekhart.    Hudson's  Bay  Territory :  Fort  Besolation,  Fort 

Yukon. 

135.  John  ReiA.    Hndson's  Bay  Territory:  Big  Island,  Great  Blare 

Lake. 

136.  James  Sitfttston.    Hudson's  Bay  Territory :  Fort  Tukon. 

137.  Donald  Gunn.  West  of  Lake  Winnipeg. 

138.  Qeorge  A.  Smith.    Hudson's  Bay  Territory  and  Labrador. 

139.  Robert  MaoFarlane.  Hudson's  Bay  Territory :  Vicinity  of  Fort  An- 

derson, Arctic  Coast.    1860-1868. 

140.  William  Brass.    Hodson's  Bay  Territory :  Fort  Halkett 

141.  Thomas  Flett    Hudson's  Bay  Territory:  La  Pierre's  House. 

142.  CRButkley,    Eussian  America.    Western  Union  Telegraph  Com- 

pany. 

143.  William  H.  Ball     Shores  of  Behring  Strmts.     Weetem  Unitm 

Telegraph  Company. 

144.  Ferdinand  Bischoff.    Kodiak,  Sitka,  and  other  portions  of  Alaska. 

Western  Union  Tel^raph  Company. 

145.  H.  M.  BannisUr.     Vicinity  of  Saint  Michael's,  IToiton  Sound. 

Western  Union  Telegraph  Company. 

146.  Br.  J.  T.  Itothrock.    British  Colnmbia.    Western  UnioD  Telegrapli 

Company. 

147.  Br.  0.  A.  Ganfleld.    Monterey,  Oal. 

148.  I>r.  Edward  Palmer.     Arizona. 

149.  I)r.  Wemick.    Colorado. 

150.  Br.  E.  B.  Butcher.    Laredo,  Bio  Grande. 
161.  A.  E.  Youngiove.    Hayti; 

152.  Dr.  Henry  Bryant.    Porto  Bico  and  the  Bahamas. 

153.  Henry  Hague.    Guatemala. 

154.  Dr.  Earl  Flint.    Nicaragua.     1866-1877. 

155.  Dr.  A,  Von  Frantzius  and  J.  C.  Zeledon.    Costa  Bica. 

156.  J.  and  T.  Rhodes.    Panama. 

157.  Valdimir  Knudsen.    Sandwich  Islands. 

.158.  William  H.  Hudson.    Bnenos  Ayres.    186&-1868. 

ISA*. 

159.  Hon.  A.  A.  Burton.    Colnmbia. 

160.  Ferdinand  BistAoff.    Vicinity  of  Uazatlan. 
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161.  BemarA  R.  Sou.    Hadson^s  Bay  Territor; :  MoosA  Factor;. 

162.  Prof.  F.  V.  Baydm.     Geological  Survey  of  Nebraska.    United 

States  General  Land  Office. 

163.  Dr.  Thomas  T.  Miner.    Winnebago  Reservation. 

164.  Clarence  King.  Along  the  line  of  the  fortieth  parallel.     War  De- 

partment. 

165.  Dr.  M.  Allen.    Bermaaa. 

166.  Col.  A.  J.  Qragson.    £evillagi|;edo  Islands. 

167.  J>r.  Tan  Patten.    Guatemala. 

168.  Mr,  Mardemann.    San  Salvador. 

18«8. 
1C9.  Prof.  James  Orton,    Ecuador. 

170.  Mr.  McDmtgal.    Hudson's  Bay  Territory,  Mackenzie's  Biver  district. 

171.  George  Davidaon.    Alaska.    United  Statee  Coast  Sarvey. 

172.  Dr.  F.  r.  Hayden.   Black  Hills,  Laramie  Plains,  &c    General  Land 

Office. 

173.  J.  E.  Detereaux.    Tennesee  aad  Ohio.    Ethnology. 

174.  Dr.  Edward  Palmer.    Indian  Territory. 


115,  Gapt.  CM.  Scammon.  Coast  of  Oregon  and  Alaska.  United  States 
Bevenae  Bureau,  Treasury  Department. 

1T6.  Dr,  Fi  V.  Saydfin.  Colorado  and  New  Slezico.  Interior  Depart- 
ment 

177.  Mmt.  F.  M.  Eing.    Id.  the  vicinity  of  Fort  Wrangel,  Alaska. 

ethnology. 

178.  P.  Figyelmezy.    British  Guiana.    State  Department 

ISVO. 

179.  Prof.  8.  F.  Baird,   In  Marine  Zoology,  in  Vineyard  Soood.    1870- 

1876.    Uuited  States  Fish  CommiaaioQ. 

180.  Dr.  F.  V.  Hayden.    Eocky  Mountains.    Interior  Department 

18V1. 

181.  Prof.  J,  W.  Powell.    Colorado.    luterior  Department. 

182.  J)r.  F.  V.  Hayden.    Montana  and  headwaters  of  the  Yellowstone. 

Interior  Department. 
163.  Geo.  A.  Boardman.    Florida  and  Kew  Branswick. 

184.  Dr.  S.  C.  Tarrow,  U.  S.  A.    Vicinity  of  Fort  Macon,  TSbith  Caro- 

lina. 

185.  CapU  Ohaa.  Bryant.    Pribylov  Islands,  Bebring  Sea. 

186.  Straehan  Jones.   H  udsoii's  Bay  Territory,  Lower  Slave  Lake  EegioD. 

18T9. 

187.  Pro/.  S.  F.  Baird.    Marine  Zoology  in  the  Bay  of  Fundy.    United 

States  Fish  Commission. 
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133.  Dr.  A.  8.  Pmkardjjr.    Oeor^  £«tlts,  &o.    United  States  Coast 
Sarvey  aad  United  StatM  Fish  OomauuioQ. 

189.  Henry  W.  EUtott.    Saiot  Faal  ot  At  Fribflov  or  Fur  Seal  Islands 

of  BebriDg  Sea.    Tnaeary  Departmeot. 

190.  Waiiam  B.  DaU.    Alaska  and  the  Aleatlan  Islands.    1873-1374. 

United  States  Coast  Survey,  Treasary  Department. 

191.  Prof.  F.  V.  Eagden.    Basin  of  the  Upper  Yellowatone  and  varioos 

regions  of  the  Itecb;  MoantolDs.    Interior  SeparttneDt. 
193.  Lieut.  Geo.  M.  Wheeler,  U.  8.  A.    Sootbeni  Utah  and  Eastem 
Nevada.    War  Department. 

193.  Fro/.  J.  W.  Fouell    Colorado  River.   1872-1875.    Interior  Depart- 

ment. 

194.  F.  8arg.    Gaatemala. 

195.  Prof.  WUlitm  M.  Qaib.    SoD  DomiogD. 

196.  Q.  Brown  Ooode.    Bennnda. 

1§TS. 

197.  Capt.  0.  F.  Bali  and  Dr.  Bmil  Seua$.    In  the  Aietic  Seas,  od  the 

Polaris.    Navy  Department. 

198.  Senry  W.  Elliott.    Saint  George's  Island  of  the  Pribylov  Oronp. 

Treasary  Department. 

199.  Oontmoiort  6.  E.  B^knap,  UniM  States  Simmer  Tutemwa.    Nortb 

Pacific  Ocean.    Navy  Department. 

200.  Aroftifrofd    Campbeli  and  Dr.   Elli^   CowM.     Along  the  Dorth 

western  boundary  survey,  in  Dakota.    State  Department. 

201.  Oen.DaviiS.  Stanle;/ and  J.  A.  Allen.    Alongthelioeof  tboNortk- 

ern  Paci&c  Railroad.     War  Department. 

202.  Pro/.  F.  V.  HasAen.    OdOTado  and  Kev  Mexico.    Interior  Depart- 

ment. 

203.  lAent.  Geo.  M.  Wheeler.    Tbe  region  west  of  the  lOOtb  meridian. 

War  Department. 

204.  Capt.  Charles  Bendire,  U.  S.  A.    Arizona. 

205.  Livingston  Stone.    Upper  Sacramento  River.    United  States  Fish 

Commission. 

206.  James  W.  MUner.    The  Great  Lakes  and  the  U[^r  MississippL 

United  States  Fiah  Commission. 

207.  Pro/.  S.  F.  Baird,  Vicinity  of  Portland,  Me.    United  States  Fish 

Cummission. 

208.  Vinal  if.  Edviards.     Vicinity  of  Weed's  Hole,  MassachasettB. 

United  States  Fisb  Commission. 

209.  Samuel  Potcel.    In  Narraganset  Bay. 

210.  Pro/.  WiUiam  St.  Qabh.    Costa  Rica.    Government  of  Costa  Rica. 

211.  Pro/.  F.  Posy.    Cuba. 

18M. 

212.  Liewt.  Oe«.  31.  Wheeler.    Nebraska,  Utafa,  GoloMde.  Now  Mexico, 

and  Arizona.     War  Department. 
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213.  Prof.  F,  V,  Hayden,    West  of  the  one  bandred  aad  seveDtb  merid* 

ian,  iD  Colorado.    Interior  Department. 

214.  Prof.  J.  W.  Powell.    TJtati.    1874-1S77.    Interior  D^tartment. 

215.  Prof.  S.  F.  Baird.    Sonth  ooast  of  ConneotJcat.    United  States 

Fish  Commissiou. 
210.  Capt.  Sicholaa  Pike,    The  Maoritius.    State  Department. 

217.  A.  B.  Steiiiberger.    The  Samoan  lelaocta.    State  Department. 

218.  Lueiea  M.  Turner.     Yicioity  of  Saint  Mlcbael'a,  Norton  Sound. 

1874-16(7.    United  States  Signal  Service,  Wat  Department. 

219.  Prof.  S.  E.  Webster.    The  coast  of  Virginia. 

187S. 

220.  Prof.  8.  F.  Baird.    Yioev;^  Sonnd  and  Ba;tzard's  Bay.    United 

States  Fish  Commission. 

221.  AUuka  Commercial  Company.    The  coast  and  islands  of  Alaska. 
223.  Paul  SekumacAer.    Oregon  and  the  mainland  and  islands  adjacent 

to  Santa  Barbara.    (Ethnology.)    1S76-1876.   Feabody  Museam, 

Cambridge,  and  Indian  Bnrean,  Interior  Department 
223.  Bev.  Stephen  Boners.    The  sonth  coast  of  California,    (Ethnology.) 

1876-1877.    Indian  Barean,  Interior  Department. 
234.  J.  0.  Siean.    British  Colnmbia:  Vaneonver's  Island,  &c.    Indian 

Barean,  Interior  Department 
225.  Btffikem  Powers.    Kerada  and  California.     (Ethnology.)     Indian 

Bnrean,  Interior  Department. 
22G.  Dr.  J.  E.  Kidder,  U.  8.  N.    Transit  of  Yenas  Expedition :  Kergne- 

ten  Island  and  other  pcrints.    Navy  Department 

227.  Dr.  E.  Eershner,  TT.  8.  Jf.    Sooth  Pacific,  in  the  United  States 

steamer  Swatara.    Navy  Deiiartment 

228.  Edicin  Smith.    Chatham  Islands.     United  States  Coast  Sorvey  and 

Kavy  Department 
220.  Prof.  F.  V.  Eayden.    Colorado,  Northern  ITew  Mexico,  and  East- 
em  Utah.    Interior  Department 

230.  Lieut.  Geo.  M.  Wheeler.    Colorado  and  Arizona.    War  Department 

231.  Dr.  Edward  Palmer,    Arizona  and  California.    Indian  Barean, 

Interior  Department 

18V«. 

232.  W.  A,  Uintzer.    Arctic  America,  north  of  Hadson's  Stn^t    Navy 

Department 

233.  Dr.  W.  W.  Says.    San  Lnis  Obispo.    (Ethnology.) 

234.  Dr.  J.  F:Bransford.   Hicaragna.    1876-1877.   (Ethnology.)    Navy 

Department  and  Peabody  Mnsenm,  Cambridge. 

235.  Capt.  J.  0.  Baker.    Islands  sonth  of  California.    Treasury  Depart- 

ment 
23a.  Prof .  F.  V.  Haydm.    Western  Colorado  and  Baatem  Utah.  Interior 
Department 
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ISVV. 

237.  Prof.  F.  V.  Hagtte*.    WyomiDg,  Idaho,  and  Kortbem  Utah.    In- 

terior Departmeot. 

238.  E.  W.JrOtoH.    Norton  SoQDd,  Alaska.    United  States  Signal  Office 

and  StnitfaaoDian  Institation. 
230.  Prof.  D.  8.  Jordan.    Fresh  waters  of  Soatheru  States. 

240.  Dr.  J.  F.  Braiuford,  U.S.N'.    H  icoragna  and  Costa  Bica.    Medical 

Barean,  Navy  Department 

241.  Bev.  St^hen  Bower$.    Islaada  and  mainland  adjacent  to  Santa 

Barbara,  Cal.     Maj.  J.  W.  Powell,  Interior  Department  and 
SmithsoDian  Institation. 

242.  Clark  MilU.    Indians  in  Florida.    Peabody  Mosenm,  Cambridge, 

and  Smithsonian  iDstltation. 

243.  F,  A.  Ober.    West  India  Islands:  Dominica,  Antigaa,  Barbadoes, 

&c. 

244.  S.F.BairJ.  CoastofHas8achDsettsofFSalem,aDdorEa8teni£roTa 

Scotia.    United  States  Fiab  Commission. 

245.  LivingsUm  Stone.    Clackamas  Biver,  Oregon.    United  States  Fisb 

Commission. 

246.  Capt.  J.  J.  Fuller.    Kergaelen  Island. 

247.  Maj.  A.  S.  Qatnes  and  K.  M.  Cunningham.    Shell  monads  near 

Mobile,  Ala. 

248.  0.  B.  Qoode.    Bermuda  and  surronndiog  waters.    Wesleyaa  Uni- 

versity, Middletown,  Codd.,  and  Smithsonian  Institntion. 

CLASSIFICATlOn  OF    THE    ABOVE    HBNTIOHED  BXPLOHATIONS    UNDEB 
THE  DBPABTUENT  BT  WHICH  CONDUCTED. 

Smithsonian  Institation :  carried  on  directly  by  or  uoflet  the  sapervi- 
sion  of  the  Institation,  and  for  the  most  part  wholly  or  partially  at  its 
expense :  87,  88, 90,  91,  94, 05,  06,  07,  98, 99, 102. 105, 106, 110,  111,  112, 
113, 116, 117, 118, 119, 122, 123, 127, 128, 129, 137, 138, 139, 140, 141, 147, 
148, 150, 151, 153, 154, 135, 158, 160, 163, 165, 166, 167, 173, 174, 177, 185, 
196,  219,  233,  239,  243,  246. 

Smithsonian  Institation  :  less  directly  nnder  the  charge  of  tbe  Insti- 
tation, and  not  at  its  expense,  bat  the  resalts  commaoicated  to  it :  83, 
83,  92, 100, 101, 103, 104, 114,  115, 121, 124,  128, 129, 130, 149, 152,  156, 
157, 159, 168, 178,  183, 184,  104, 195,  204,  209,  211,  247. 

Smithsonian  Institution,  with  tbe  especial  aid  of  the  Hadson's  Bay 
Company :  84, 85,  86, 107,  109, 125, 131, 132, 133, 134, 135, 136, 161, 17^ 
186. 

Smithsonian  InstitnUon  and  United  States  Coast  Sorvey :  105, 171, 
188, 190,  228. 

Smithsonian  Institntion  and  Western  Union  Telegraph  Company: 
126, 142, 143, 144, 145, 146. 

Smithsonian  Institntion  and  Kentucky  Unlrerdty :  119^ 
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SmithsoniaD  loBtitDtion  and  Boston  Natural  History  Society :  44, 113. 

SmithsonisD  Institntion  and  Peabody  Haseam :  232,  234, 242. 

SmitbBonian  InstitatioD  flndWeBleyanUDirersity,Middleto^ii,UoDn : 
248. 

SnutfasoDian  Institation  and  Williams  College,  Williamstowu,  Mass.: 
89,169. 

SmithsonEan  iDstitntion  and  Costa  Biean  GoveromeDt :  210. 

Bmithsonian  iDStitntion  and  Qoveromeiit  of  YacHtan :  120. 

SmithsoDian  iDstitation  and  State  Department:  108. 

State  Department:  200,  216,  217. 

Nary  Department :  197, 199,  220,  227,  228,  232,  234,  240. 

Treasury  Department :  175, 189,  I9S,  235. 

Interior  Department:  93, 170,  180,  182,  191,  193,  202,  213,  214,  229, 
236,237. 

Interior  Department,  Land  Office :  102, 172. 

Interior  Department,  U.  S.  Geological  and  Geographical  Snrvey  of  the 
Territories,  Second  Division,  J.  W.  Powell  in  chwrge :  241. 

Interior  Department,  Indian  Bureau :  222,  223,  224,  225,  231. 

War  Department :  81, 181,  201. 

War  Department,  Engineer  Barean :  104, 192,  203,  212,  230. 

War  Department,  Signal  Office :  218,  238. 

United  States  Fish  Commission :  179, 187, 188, 205,  200,  207,  208, 215, 
220,  244,  245. 

Alaska  Commercial  Company :  221. 


ALPHABETICAL  INDEX  TO  NAMES  OF  INDIVIDUALS  MEN- 
TIONED IN  THE  PKECEDING  LIST. 
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Bishop,  N.H 123 

BoftrdmM,  0.  A 183 

Bow8t»,8 223,841 

Br»n8ford,J.P 234,840 

Broea,W 140 

BryM,J.  T 46 

Bryant,  C 1B5 

BrjMt.H 73,152 

Backkl«w,  C.  E 115 

Backley,  C.  L 148 

BartoD,A.A 159 

Bntolier,  n.  B 180 

C. 

Campbell.A &5,S(I0 

Canfleld,  C.A M7 

CMiaeia,C.8 88 

Camiol,  J Ill 

Cvtter.D.  E 121 

Clark,  J,  H W 

CIark8,L ,..  ^^}9l^\^: 


AlMka  Commercial  CompaD; 221 

Alien,  J.  A 201 

Allcii,M 165 

AndenoD,  W.  W 92 

B. 

Baird,  8.  F.  35, 43, 179. 187, 207, 215,  KO,  244 

Baker,  J.  Q 235 

BaciDiit«r,  n.  M 145 

BBnuton.Oeo S5 

Buiy,A.C 42 

B«Hi,J.B 70 

Beckwith,  Capt 21 

Belknap,  O.E 199 

BeDdire,C 20J 

EerBndt,H 127 

BMlandier.L 32 

Be«Ii,B 197 

Bi»clioff,P 144,160 
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Connolly,  H 109 

Cooper,  J.  G 29,74,81 

Cooper,  William 73 

Ooncb,  D.  N 31 

Cooea,E 88,116,300 

CDlbertMD,  T 10 

CnDUingbftm,  K.  M 247 

Catt^B.D M 

D. 

DaUiW.  R 143,190 

D»rid»on,  0 171 

Deniaon,  Chaa 3 

Devei«M)i,  J.  H 173 

Dodd,P.  S 102 

Dow,J.M lU 

Drexler,  C 87 

Duffy,  P 98 

E. 

Ed«r«de,V.N 208 

EUiott,  H.  W 189,198 

Emory,  W.H 11 

Efona,  J 6 

P. 

FeilDM.J 67,118 

Figyelmei;,  P 178 

Filzgerald,  Lieut 124 

Hew,  T 141 

Flint,  E 15* 

FoBtor,  J.  W 8 

Frantcina,  A.  Tod 155 

FdUot.J.J 246 

G. 

G»bh,Wm.M 195,210 

Gwnes,A.6 S4T 

0«»tlet,C.P 131 

Oermt^D.F Ill 

Gill,T 80,91 

aHiifm,  J.M 14 

Goode,  Q.  B 1911,248 

Giaham,  J.  D 11 

G«yMn,A.J 119,166 

Onnn,  D 50,137 

GonoiMD,  Cspt 31 

Onrler,  Bev.  Dr 9 

H. 

Hagne,H 153 

HaU,  C.  P 197 

HaidemMin 168 

Harferty.W.L 133 


BaydeD,  F.  T.. 30,59,60, 162, 173,1^ 

182,191,202,213,339,336,237 

HayajW.  W 233 

Henry,  W.  A 99 

HenidaD,W.L 15 

Hitz,B in 

Holder,  J.  B 95 

Hoy,  P.  E 37 

Hudson,  W.H '. 158 

I. 

Ivea,  J.C 58 

J. 

JaekMD,  C.  T 7 

JobiutoD,  J.  £ 53 

Joiw^S 133,186 

J«Tdan,D.  S 239 

E. 

Kane,  KK 17 

KenDi«>tt,R 38,68,126 

Eerahner,Dr 227 

Kidder,  J.  H 338 

King.C 164 

EnDdseD,V 167 

Kort«,J.D 100 

L. 

Lander,  F.  W (S 

Idlimer.Oeo 139 

Leech,  J.  B 64 

Lockhart,J 134 

H. 

ITCIellao,  Geo.  B —  16 

IfacDongal _ 170 

HaeFarlane,  R 139 

irKeDtie,J ^ 8< 

Hljeaiiikaii,  Jamea 79 

Maocimb,J.  N 66 

UaoUTisb,  W ISS 

Magraw,  W.  H 4B 

MarGy,R.B 16,39 

llarab,W.  T m 

Mlohler.H 59 

Mi11a,C 348 

Milner,J.  W 206 

Miner.T.  T 16S 

MlBtMT,  W.A 23a 

Hu]lat),J 63 


Nelaon,E.\V 
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CnrnmtNo. 
0. 

Ob«r,  F.  A 843 

Orton,  J 169 

Owen.D.D 4 

P. 

Piek«rf,A.8 188 

PwT.  J 33,49 

Pilmer,  E 148,154,231 

PiAe,  J.  Q 83 

?mj,ll.  C S6 

Pik«,N 316 

Poey.F 811 

Pi¥6,  J 84,97 

Powell,  3 209 

Powdl.J.W 181,1110 

Poirew,8 825 

Kaynolito,  W.  F 64 

K«id,J 135 

Bhode^J.  T IM 

Ring,  P.  M 177 

Ringgold,  C IS 

Eiotte,C.B 110 

Rodgera,  Joha 16 

Eow,B.  E 84.101 

B«throck,J.T 146 

8. 

Sk  ChHlM  Col]^» 78 

teniNl*,  E 44 

Sarg,  P 194 

8srtoriii>,C 113 

Scanunon,  C.  U 175 

Selwtt,  A 130 

8ehianacbw,P SS 

SibbcaUn,  J 130 

Biupaon,  J.  H 61 

SitgruTca,  L 5,18 

Smith,  E 228 

8altb,a.A 138 
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SMnbeigar,  A.  B 317 
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45 
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REPORT  OF  THE  EXECUTIVE  COMMITTEE. 


The  ExecQtive  Cominittee  of  the  Board  of  Uegente  of  the  Smithsoniftn 
Institntion  respectfally  submit  the  folIowiDg  report  ia  relation  to  the 
flrnds  of  the  Institatioo,  the  appropriations  by  OoDgress  for  the  Bnpport 
of  the  National  Mosenm,  the  receipts  and  expenditares  for  both  the 
Institntion  and  the  Mnsenm  for  the  year  1877,  and  the  estimates  for  the 
year  1878. 

Statement  of  the  condition  of  the  funds  at  the  beginning  of  the  year  1878. 

The  amount  originally  received  as  the  bequest  of  James 
Smitbson,  of  England,  deposited  in  the  Treasory  of  the 
United  States,  in  accordance  with  the  act  of  Congress  of 
Angnst  10,1846 $315,169  00 

Eeadaary  legacy  of  Smithson,  received  in  1865,  deposited 
in  the  Treasury  of  the  United  States,  in  accordance  with 
the  act  of  Congress  of  February  8, 1867 26,210  63 

Total  bequest  of  Smithson $541,379  63 

Amount  deposited  in  the  Treasury  of  the  United  States  as 
anthorized  by  act  of  Oongress,  February  8, 1867,  derived 
from  savings  of  income  and  Increase  in  value  of  invest- 
ments   108,020  37 

Amount  of  the  beqnest  of  James  Hamilton,  of  Carlisle,  Pa., 
Febraary  24, 1874 1,000  00 

Total  permanent  Smithson  fund  in  tbe  Unitfid  States 
Treasury,  bearing  interest  at  6  per  cent,  payable 

semi-annually  in  gold $651,000  00 

In  addition  to  the  above,  there  remains  of  the  extra  fund, 
from  savings,  &c,  in  Virginia  bonds  and  cortifloates,  viz: 

Consolidated  bonds $58,700  OO 

Deferred  certificates 29, 375  07 

Fractional  certificate ,  50  13 

Total 88,125  20 

Valaed  January,  1878,  at... 34,562  00 

Also,  the  cash  balance  deposited  in  tbe  United  States 

Treasory,  at  the  beginning  of  the  year  1878 25, 083  90 

Total  Smithson  fnnds,  January  6, 1878 $710,045  90 
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RECEIPTS  IN  1877. 

Interest  OD  $050,000,  for  the  year  1877,  at  6  per  cent,  gold . .    $39, 000  00 

Premmtn  od  gold  interest: 

Jane  30,1877,  <S)  5^^ $1,035  04 

Janaaiy  6, 1878,  ®  2}| 524  06 

1,5C0  00 

Zjess  broker'^  commission 48  74 

1,511  26 

Interest  on  Tirginia  bonds : 

Sale  of  coupons  by  Biggs  &  Co.,  for  Jannary  1  and 
July  1, 1877,  for  $3,522,  November  26, 1877,  ®  82- 

82J -. 2,885  76 

Interest  on  Hamilton  fbnd  of  $1,000: 

Forthe  year  1877 $60  00 

Premiam  on  gold,  less  brokerage 2  32 

02  33 

Bepayment  by  National  Museam : 

For  advances  made  by  Smitbsonlan  Institntion  in 

1875-'76,  for  Intemational  Exhibition,  &c 5,548  28 

Total  receipts  for  the  year  1877 $40, 007  62 

EXFEimntmBS  is  1877. 

Bailding,  famitnre  and  fiztnros $4,030  C6 

General  expenses 10,052  64 

Publications,  researches  and  explorations 12, 046  81 

International  literary  and  scientific  exchanges.    9, 790  73 

Gallery  of  art 1,710  83 

National  Mnaeam 421  23 

44,952  90 

Balanceanezpendedof  the  income  for  1877 4,054  72 

Balance  at  the  beginning  of  the  year  1877 21, 029  18 

Cash  balance,  January  6, 1878 $26,083  90 
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HAIOLTON  BBQOXST. 

Beceived  from  James  HamiltoD,  Februaiy  24, 1874,  and 
depoaiCed  lathe  tTntted  States  Treasury $1,000  00 

Interest  received  from  Febraaiy  24, 1874  to  December  31, 

1876 183  85 

Interest  received  from  Jaaoary  1  to  J  one 
30,1877 $30  00 

Prcminm,  5^ 169 

31  69 
Less  commission 04 

$31  D8 

Interest  received  from  Jnly  1  to  Decem- 
ber 31,1877 30  00 

Premtom,  2J|. 81 

30  8L 
Less  commission 04 

30  77 

62  33 

Total  income  received  to  December  31,1877 24G  17 

Appropriated  io  1876,  for  exploration  of  cave  near  Car- 
lisle, Pa 150  00 

Balance  on  hand  January  1, 1878 96  17 

Statement  of  expenditures  in  1877,  in  detail, 

BTHLDmci. 

Bepairs  and  improvements $2,326  46 

Fire-proofiag  apartments  for  collectiODS 1, 343  34 

Famitoreand  fixtares 361  86 

$4,030  66 

GEHEBAL  EXPENSES. 

Meeting  of  the  board $197  50 

Lighting 238  09 

Heating 1,029  10 

Postage 162  SI 

Stationery , 286  16 

Incidentals,  ice,  inanrance,  &o 560  60 

Salaries 11,780  00 

Labor  and  extra  clerk  hire 1,382  11 

Books  and  periodicals 416  77 

$16,052  64 
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fi;blioation3,  SESBASCKES. 

SmithsoBiaa  CoDtribnUoiui , (6, 112  40 

HiMeUueoos  oollectioDs 3,205  81 

Anaoftl  TOport 9M  09 

Ueteorologr  and  leseorcbea 985  43 

AppwatnH 1,406  U 

laboratory » 63  38 

£zplDistioD8 879  50 

12,940  81 

Literary  aod  sdeotifle  international  ezohaoges 9,  790  73 

GaUeirofart 1,710  83 

UuBMm 421  23 

Totol «44,9&3  00 

BEPATMEHTS. 

The  lostitotdon,  as  beretofore,  bas  mado  temporary  advaooei  doting 
the  year  for  tfae  payment  of  freight  on  government  oollectionB,  &c,  the 
repciyment  of  which,  together  with  the  amonot  received  £rom  sales  ot 
pnblicatioDB  of  the  Institntion,  have  been  dedocted  frou  the  several 
items  of  ezpeoditoie  for  the  year,  oa  follows,  viz : 

From  exebaogeB,  repayments  for  freight $iSO  65 

From  postage,  repayments 7  43 

From  poblicatioos,  sale« 484  30 

From  National  Mnsenm,  repayments 427  34 

From  eleetrotypes  of  wood-cots 87  50 

Total 11,440  21 


The  foUowisg  are  the  es^mates  of  receipts  and  appn^tiatioos  for  the 
year  1878: 

Estimated  rec^pu. 

Interest  on  the  permanent  ftind  receivable  Jnly  1, 1878,  and 

January  1,1870,  in  gold $39,000  00 

Interest  on  the  Hamlltoo  fond  fbr  the  year  1878,  in  gold..  .    00  00 

Probable  preminm  on  gold,  8  per  cent 781  20 

Sale  of  Virginia  oonpons  doe  Janoary  1, 18^  and  Joly  1, 

1878 2,8C0  00 

(43,341  20 
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Provigional  appropriatunu. 

Pot  building $2,000  00 

For  general  expenses IS,  000  00 

For  pablicatioDS  and  researches    IS,  000  00 

For  exchangee 9,000  00 

For  books  and  apparatus 1,000  CO 

For  contingeocies 341  20 


«12,341  20 

NATioNAi,  uvaswa. 

The  government  collections  of  specimens  of  natnnd  history,  ethnology 
geology,  &o.,  continne  in  charge  of  the  Smithsonian  Institntion,  and 
Congress  has  made  the  necessary  oppropriations  for  their  care  and 
preservation,  and  for  defraying  the  expense  of  packing,  moving,  and 
storing  the  articles  received  at  the  close  of  the  International  Exhibition 
in  Philadelphia.  The  advances  made  by  the  InstitntioD  in  previoas 
years  for  the  constraction  of  a  laboratory  of  natural  history,  required 
for  the  preparation  of  new  specimens  for  the  Centennial,  have  also  been 
refbnded. 

The  following  is  a  statement  of  the  ITational  Museum  appropriations 
for  1877  and  1878,  and  the  balances  at  the  beginning  of  the  year  1878: 

The  appropriation  by  Congress  for  the  care  and  preservation  of  the 
collections  for  the  fiscal  year  ending  June  30, 1877,  was  C10,000.  Of 
this  amount  $5,090.86  were  expended  np  to  December  31, 1876,  and  the 
balance  of  $4,909.14  has  been  expended  dcring  the  six  months  ending 
Jane  30, 1877. 

For  repairing  and  fitting  up  the  "  Armory  Bnilding,"  aod  storing  the 
specimens  received  from  the  International  Exhibition,  an  appropria- 
tion was  made  by  Congress  of  $4,500,  of  which  $3,916.23  were  expended 
in  the  six  months  ending  December  31, 1876,  and  the  balance  of  $583.77 
has  been  expended  daring  the  first  six  months  of  1877. 

AFPBOPBUTIOnS  BT  OONOREBB  FOB  NATIONAL  HDSRT7H  IN  1877. 
Preservation  of  coUeetiona,  Smithsonian  Jnatitution,  1878. 

"  For  preservation  and  caieof  the  colIeotioDS  of  the  STational 
Museam" $18,000  00 

"For  expenses  of  making  upinto  sets  for  distribution  to  col- 
leges and  academies,  the  dnplioate  ores,  minerals,  and 
objects  of  natural  history  now  belonging  to  the  United 
States,  or  in  the  collections  of  the  International  Exposi- 
tion presented  to  it  by  foreign  governments."  Act  March 
3,1877.    (Digest  of  Appropriations,  1878,  page  86.) 6,000  00 

$23,000  00 
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Pretervation  ofeolleeHona,  Smithsonian  Inatitutum,  Armory  Building,  1878. 

**  For  flttiDg  Dp  the  Armory  Unilditig  for  storage  of  articles 
belonging  to  the  United  States,  iDcluding  those  trans- 
ferred firom  the  International  Exbibitioo,  and  expense  of 
watchiDg  the  same" $2, 500  00 

National  Museum,  Smitkaonian  Institution. 

"For  the  National  Mnseam  in  charge  of  tbe  Smithsonian 
Institution,  for  restoring  to  their  proper  place  in  the 
Katioaal  Hnsenm  cases  removed  to  the  Intcrnatiooal 
Exhibition,  and  rearranging  the  collections,  and  for  ex- 
penses and  preservation  of  tbe  collections,  and  for  receiv- 
ing, packing,  and  transporting  the  objects  presented  to 
the  United  States  at  the  Centennial  by  State  and  foreign 
goreraments,  and  for  properly  storing  and  preserving 
them  nntil  a  proper  disposition  can  be  made  of  the  same." 
Act  March  3, 1877.  (Digest  of  Appropriations,  1878,  page 
86.) $26,000  00 


Tbe  total  receipts  of  tbe  Mnsenm  for  the  year  1877  have  therefore 
been— 
Preserration  accoant,  for  fiscal  year  ending  Jnne  30, 187? 

(balance) : 84,909  14 

Armory  account,  for  fiscal  year  ending  Jnne  30, 1877  (bal- 
ance)   583  77 

Preservation  account,  for  fiscal  year  ending  Jnne  30, 1878.      23, 000  00 

Armory  accoant,  forfisc^  year  ending  Jnne  30, 1878 2,500  00 

Kational  Museum  (return  of  Centennial  collections,  &c.), 
for  fiscal  year  ending  June  30, 1878 25,000  00 

$55, 993  91 
Expended  during  sis  months  ending  Jnne  30, 1877 : 

Preservation ...  $4,909  14 

Armory 583  77 

$5,492  01 

Expended  daring  six  months  ending  Decern- 
bor  31, 1877 : 

"Preservation" $11,676  79 

"Armory" 1,011  75 

"National  Museum  " 22, 959  10 

$41, 140  65 


BftUuce  January  8, 1878,  to  the  credit  of  tbe  Maeeom,  to 
defray  expenses  of  tbe  collections  for  the  ^x  months  end- 
ing June  30, 1878 $14,  i 
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AH  the  parmeDts  oo  account  of  the  Xational  UaBenm  have  bona  mad« 
directly  by  Uie  disbnrBing-offlcer  of  the  Department  of  the  Interior,  on 
the  preBeutation  of  Toachers  approved  by  tbe  Secretary  of  tfae  Smith- 
aonian  lustitntion. 


The  Executive  Committee  have  ezamioed  six  hnndred  and  seventy- 
six  voncfaers  for  payments  made  from  the  Smithaoo  income  during  the 
year  1877,  and  six  handred  and  eight  vonchers  for  payments  made  from 
appropriations  by  Congress  for  tbe  N^ationnl  Maseum,  making  a  total  of 
1,284  Toachers.  All  of  these  voncbers  have  the  approval  of  tfae  Secre- 
tary of  the  Institution  and  tbe  certificate  that  tbe  materials  and  ser- 
vices charged  were  applied  to  the  purposes  of  the  Institution. 

The  Committee  have  also  examined  the  acconut-books  of  the  National 
Museum,  and  find  tbe  balance,  as  before  stated,  of  $14,852.36  to  corre- 
spond with  the  certificates  of  the  disbursing-officer  of  tbe  Department  of 
the  Interior. 

The  qaarteriy  accounts- current,  bankbook,  check-book,  and  journal 
have  all  been  examined  and  found  to  be  correct,  and  to  show  a  balance 
to  the  credit  of  tbe  Institution  on  the  6lh  of  Jnnaary,  1878,  in  charge 
of  the  Treasurer  of  tbe  United  States  of  $25,083.91),  to  be  appropriated 
to  tbe  cnrrent  operations  of  the  Institution. 

Bespectfully  submitted. 

PETEB  PARKER, 
JOHK  MACLEAN, 
GEO.  BAKOROFT, 
Executive  Committee  of  the  SmithtoniuH  JnatUtUion. 

Wasbhtoton,  January  22, 1878. 
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WASHiNaTON,  D.  C,  January  16, 1878. 
Id  accordance  with  a  resolatiou  of  the  Board  of  Begeuts  of  the  Smitb> 
sonian  Inatitntion  fixing  the  time  of  the  beginoinf  of  tfae  aniiDal  sessioD 
on  the  third  Wedaeeday  of  Janaary  Id  each  year,  the  Board  met  this 
day,  bnt  a  qaomm  not  being  present  it  adjonmed  to  meet  on  Wednesday, 
Jannary  23,  at  7  o'clock  p.  m. 

WAsmnOTON,  D.  C,  Jamtarif  23, 1878, 

A  neetiDg  (tf  the  Board  of  Begeots  of  the  Smithsonian  Isatttation  was 
held  this  day  at  7  o'clock  p.  m.,  in  the  ofBee  of  the  Secretary. 

Present,  Chief-Jnstice  Waite,  Ohaocellor  of  the  Institation ;  Hob.  Wil- 
liam A.  Wheeler,  Tice-Preeidentof  the  United  States;  Hod.  R.E.  Withers, 
Hod.  Hiester  Olymer,  Hon.  Jsmee  A.  Qarfield,  Ber.  Dr.  Johs  Madean, 
Prof.  Asa  Gray,  Pcof.  Henty  Copp^  Hon.  Peter  Parker,  and  the  Seere- 
tary. 

The  minntee  of  the  last  meeting  were  read  and  approved. 

Ezcaaes  for  Don-attendance  were  received  from  Messrs  Haulin,  Sar- 
gent, Bancroft,  and  Stephens. 

The  Secretary  stated  that  on  the  Ist  of  November,  1877,  the  Vice- 
President  ^pointed  Hod.  B.  £.  Withers,  of  Virgiaia,  as  a  member  of 
the  B(»rd  of  Begents,  in  place  of  Hon.  J.  W.  Stevenson,  of  Keotncky, 
whose  term  of  service  as  Senator  bad  expired.  He  also  stated-  tliat  the 
Speaker  of  the  House  of  Bepcesentativee,  on  the  Uth  Jaonary,  1878, 
had  ^tpointed  the  following  Begents :  Hon.  Hiester  Clymer,  of  Pennsyl- 
ania;  Hon.AlexanderH.  Stephens,  of  Georgia;  Hod.  James  A.  Garfl^ 
of  Ohio.  He  also  laid  before  the  Board  a  letter  liom  Prtrf*.  James  D. 
Daoa,  resigning  his  meiDbersfaip  in  the  Boud,  ob  accaaat  of  contioaed 
ill  health,  and  suted  that  a  joint  leselaties  bad  just  passed  both  booses 
of  Congress  electing  President  Noah  Porter,  of  Yale  College,  Connec- 
ticnt,  to  All  Ati  vacanqy. 

Professor  Henry  presented  a  general  exhibit  of  the  conditioD  of  the 
Smithson  fund  and  a  detailed  statement  of  the  receipts  and  expenditares 
for  the  year  1877.  He  stated  that  to  save  time  these  statements  nod 
all  the  acconnts  of  the  Institntion  bad  been  referred  by  him  to  the 
Bzecative  Committee. 

Hie  subject  of  the  Virginia  bonds  held  by  the  Institnllou  and  the 
propriety  of  disposing  of  them  was  considered,  tfae  Secretary  having 

las 
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called  attention  to  the  &ct  that  tbeir  present  value  was  aboat  $7,000  leas 
than  at  the  last  meeting  of  the  Board. 

Mr.  Withers  was  of  the  opinion  that  the  temporary  depression  vas 
dno  to  fears  of  improper  legislation  by  the  State,  and  ho  conld  not  pre- 
dict what  conrse  wonld  be  pnrsned,  bot  he  believed  it  injadicions  for  the 
Institntion  to  part  with  these  fands  at  present. 

The  Gbaneellor  and  the  other  Begents  cononned  in  this  opinioD. 

Dr.  Parker,  from  the  Execative  Committee,  presented  the  following 
report  relative  to  tbe  portrait  of  the  Secretary,  ordered  by  the  Board  at 
its  last  annaal  sesBion : 

EEPOBT, 

TheEzecntiveOommittee,  which  were  antborized  and  requested  to  baw 
a  life-size  portrait  of  tbe  Secretary  of  the  Institatiou  painted  by  some 
competent  artist,  report  that  after  a  full  inquiry  for  the  best  artist,  tbe 
chairman  of  the  committee  visiting  New  York  solely  for  the  pnrpose, 
conanlting  men  acquainted  with, and  jadges  of,  tbe  artists  of  the  city,  and 
visiting  the  studios  of  some  of  the  most  distingnisbed  portrait-painteis 
and  examining  their  works,  tbeir  choice  was  between  Daniel  Huntington 
and  Thomas  XieOlear,  esqs. 

Mr.  Huntington,  who  bad  painted  Professor  Henry  when  »  younger 
man,  would  have  been  happy  to  paint  him  again  in  the  maturity  of  bis 
years,  but  his  health  was  delicate  and  he  was  averse  to  leaving  home. 
Mr.  LeGlear  conld  come  to  Washington  and  paint  the  portrait  at  once. 
The  prices  were  essentially  the  same  with  both  artists. 

Mr.  LeUlear  was  decided  npon,  and  be  agreed  "  to  paint  a  three-qnarter 
length  life-size,  tbe  canvas  to  be  three  feet  by  two  feet  nine  inches,  head 
and  two  hands,  for  $1,500,  the  same  to  be  painted  in  the  best  style  pos- 
sible to  him." 

Mr.  Huntington,  on  learning  the  decision  of  the  Executive  Committee, 
wrote :  "  I  congratulate  yon  on  your  choice  of  my  esteemed  friend,  Mr. 
Thomas  LeCleor,  to  paint  the  portrait,  which  will  insure  you  a  work  of 
rare  artistic  merit." 

The  committee  have  now  tbe  pleasure  of  presenting  tbe  Board  of  "Re- 
gents  the  portrait  of  Professor  Henry,  tbe  result  of  their  endeavor  to 
discbarge  the  delicate  duty  devolved  upon  them. 

PETER  PAEKEE, 
GEO.  BANOEOFT, 
JOHN  MACLEAN, 

Executive  Committee. 

Janxiabt  22, 1878. 

On  motion  of  Mr.  Withers,  the  report  of  tbe  committee  was  received 
and  ordered  to  lie  upon  the  table  for  tbe  present. 

Dr.  Parker  presented  the  annual  report  of  tbe  Executive  Committee, 
signed  by  himself,  Dr.  Maclean,  and  Mr.  Bancroft,  relative  to  tbe  re- 
ceipts, exjwnditnres,  estimates,  &c.  , 
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On  motioD  of  Professor  Copp6o,  the  report  was  adopted. 

The  Secretary  stated  that  the  "Memorial  of  the  Board  of  Begents," 
relative  to  the  new  bnildiog  for  the  National  Masenm,  had  been  presented 
to  Congress,  and  that  a  bill  in  accordance  with  it  had  passed  the  Senate, 
without  objection,  but  it  had  been  presented  so  late  in  the  session  that 
favorable  aotion  could  not  be  obtained  in  the  Honse  of  Bepresentatlves. 
A  renewed  effort  would  be  made  this  session  to  accomplish  the  desired 
object  Several  of  the  Begenta  expressed  the  opiaiou  that  the  bill  would 
be  passed  at  an  early  day. 

The  Secretary  presented  to  the  Board  a  miniatore  likeness  of  James 
SmithsoD,  founder  of  the  loatitution,  and  also  one  of  Col.  Henry  Dick- 
inson, his  half  brother,  which  had  been  purchased  ttom  Mons.  dela  Batat, 
of  Belz,  France,  a  half  brother  of  the  nephew  of  Smithson,  who  parted 
with  them  on  account  of  pecuniary  need  and  his  desire  that  the  Insti- 
tntiou  shonld  possess  them.  Mr.  de  la  Batnt  had  also  presented  to  the 
luBtitation  a  nnmber  of  notes  addressed  to  Smithson  by  Oersted,  Arago, 
Biot,  Tennant,  Klaproth,  and  other  distinguished  scientiflo  men  of  his 
time,  showing  his  intimate  association  with  them ;  also  a  draught,  in 
Smithson's  handwriting,  of  bis  will,  differing  in  one  very  slight  particular 
fiom  the  will  as  presented  to  the  United  States  by  the  English  Ooort 

Professor  Henry  gave  an  acconntof  what  bad  been  received  of  the 
personal  effects  of  Smithson,  and  stated  that  nearly  all  these  had  been 
destroyed  in  the  fire  at  the  luatitution  in  1865.  He  advised  the  repub- 
lication, in  a  snitable  form,  of  all  the  scientifio  papers  of  Smithson. 

On  motion  of  Dr.  Maclean  it  was — 

Betolced,  That  the  Secretary  bo  requested  to  have  a  memoir  of  James 
Smithson  prepared  and  published,  to  include  all  his  scientidc  papers 
DOW  accessible. 

On  motion  of  Dr.  Copp6e  it  was — 

Beaolved^  That  the  Secretary  prepare  and  publish  a  history  of  the 
origin  and  progress  of  the  Institution. 

On  motion  of  Dr.  Copp^e  the  Board  adjourned  to  meet  on  Saturday, 
26th  instant,  at  7  o'clock  p.  m. 

Januast  20,  1878. 

A  meeting  of  the  Board  of  Regents  was  held  this  day  at  7  p.  m.,  in 
the  oCBce  of  the  Secretary. 

Present,  Chief- Jnsttce  Waile,  Chancellor ;  Hon.  B.  E.  Withers,  Hon. 
James  A.  Garfield,  Hon.  George  Bancroft,  Hon  Peter  Parker,  Dr.  Asa 
Gray,  Dr.  Henry  Ooppto,  and  Professor  Henry,  Secretary. 

Excuses  for  non-attendance  were  received  from  Messrs.  Wheeler,  Ham> 
lin,  Sargent,  Stephens,  Clymer,  Maclean,  and  Porter. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

Professor  Henry  presented  his  annual  report  of  the  operations  of  the 
Institution  for  the  year  1877,  which  was  read  in  foil. 

On  motion  of  Hon.  James  A.  Garfield  tbe  report  was  accepted,  and 
the  Secretary  directed  to  transmit  it  to  Congress. 
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Tbe  report  of  the  Ezecctive  Comtnittee,  relative  to  the  portrait  of  the 
Secretary,  laid  over  at  last  meetiog,  was  coDsidered. 

On  motion  of  Dr.  Gray  it  was — 

Resolved,  That  tbe  Begeuts  accept  from  tbe  EzecotiTe  Committee  tite 
portrait  of  tbe  Secretary,  prqcored  in  fblfHImeat  of  tbe  resolation  of  the 
Board  of  Febmary  5, 1877,  and  present  tbelr  thanks  to  tbe  committee 
for  tbe  satisfactory  manner  in  which  this  dnty  has  been  accomplished. 

Tbe  Board  then  a^oarocd  to  meet  at  tbe  call  of  tbe  Secretary. 
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COLOR-BIINDNESS  IN  ITS  RELATIOD  TO  ACCIDENTS  BT  SAIL 
AND  SEA. 


Bt  F.  Boluqreh, 

iVtiftMor  i4  PkfMogt  ol  th»  (MMnUy  iff  VpiaL 

[TnuulAt«d  fi>r  the  Smitliionlui  IiutitDtlon  br  M.  L.  Doneu.]* 


INTBODirCTION. 

Id  KTeral  preceding  memoirs  I  have  treated  tbe  sabject  of  color-blind* 
nM8  from  the  theoretical  Bide  of  this  singular  phenomenon.  But  it  has, 
likevise,  a  practical  side  of  vast  importance ;  for  not  only  does  this  de- 
fect of  vision  every  day  give  rise  to  incoDvenieDces  in  tbe  varions  depart- 
ments of  tbe^  sciences,  arts,  and  indastries,  bat  it  is  also  tbe  cause  of  most 
disastroas  accidents  by  rail  and  by  sea.  Fablio  attention  has  been 
attracted  to  this  side  of  tbe  qnestion  by  scientific  works  or  by  accidents, 
and  to  Jndge  fkom  certain  facts  reported  in  iKwks  and  newspapers,  there 
DOff  seems  to  prevail  a  more  general  conviction  of  the  necessity  of  making 
the  sense  of  color  amongst  seamen  and  railway  employes  an  object  of 
official  Bcmtiuy  and  control  in  order  to  guard  against  this  hidden  danger, 
to  which  too  little  attention  ban  been  given.  Our  times  are  probably 
ripe  for  such  a  reform,  and  there  is  only  wanting,  it  seems,  for  its  imme- 
diate and  general  adoption,  a  practical  method,  a  well-arranged  plan, 
and  initiatory  energy.  It  is  to  snpply  these  deficiencies  that  we  have 
nndertaken  and  pnblisbed  these  pages. 

To  Sweden  belongs  tbe  honor  of  having  taken  the  initiatiTe  in  this 
reform,  and  in  such  a  manner  as  to  exercise  a  f^ll  control  over  tbe  sense 
of  color  on  all  onr  railways.  This  reform  was  promptly  matured,  and 
introduced  in  a  not  less  rapid,  sure,  and  systematic  manner,  which  an- 
doabtedly  proves  the  advantages  of  the  method,  plan,  and  principles 
whicb  were  followed. 

A  knowledge  of  the  method  of  investigation  and  of  the  principlea 
relating  to  it  has  t>een  so  far  disseminated  merely  by  oral  exposition  and 
npplication  before  the  physicians  and  railway  employes  in  the  Amphi- 
theatre of  Physiology  of  Upsal,  during  the  latter  part  of  the  year  1876. 
Consequently,  what  is  remarkable  with  regard  to  tbe  sabject  ia  that  the 
entire  reform  was  established  in  Sweden  before  any  rules  or  principles 
were  printed.  One  of  tbe  most  important  causes  of  this  fact  ia  found 
in  tbe  conviction  felt  from  tbe  first  of  the  advantages  of  speech  over 
writing  in  such  matters.  Tbe  other  reason  is  that  onr  results  were  ob- 
tained with  unexpected  rapidity,  and  that  the  time  devoted  to  it  pre- 

*  Thia  kitiole  b»s  been  ueceouril;  someirbat  abridged  from  tbe  Ftvaeh  tmuHmtioa : 
De  la  CMU  dea  Coolenra,  duie  bm  lapporta  aveo  lea  Cbemine-de-fer  et  U  Heriae,  par 
F.  Holrngten.  Tradoit  da  buMots  areo  I'aatorlaatioo  de  I'anteiic.  Stookbolm.  8  T0> 
pp.144.    [1877.]  .  I 
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vented  ob  from  pabliahingtbis  work  before  the  reform  was  introdaced. 
If  this  fact  should  render  the  pablication  of  these  labors  less  indispen- 
sable for  the  time  being,  we  must  not  forget  the  importance  and  neces- 
sity  of  directions  which  will  serve  in  the  fntare  for  our  own  railways,  sa 
well  as  for  the  introdnctton  of  a  similar  reform  elsewhere. 

The  importance  of  nniformity  in  the  method  of  esamination,  id  the 
classi&catioD,  and  in  the  prioeiples  relating  to  the  disposal  of  the  per- 
sonnel, cannot  be  too  highly  estimated,  for  this  is  of  ooneeqaeoce,  not 
only  to  science,  and  especially  to  statistics,  bnt  also  to  a  purely  practical 
end.  This  fitct  becomes  the  more  forcible  when  connected  with  the  in- 
vestigation of  the  sense  of  color  among  seamen ;  for  every  reform  of  tJiis 
kind  witliin  the  province  of  navigation  natarally  asaames  an  interna- 
tional character.  Oar  clasBi&cation  as  well  as  our  method  of  examining 
the  color-blind  is  foonded  npoa  the  Young-Helmholtz  theory,  and  vu 
cannot  refrain  from  enomerating  here  the  principal  elemente>  This 
theory  is  assoredly  not  the  only  one,  nor  even  the  last  that  has  been 
given  to  the  public  and  gained  partisans ;  but  it  is,  in  our  opinion,  the 
best  for  tbe  end  in  view,  and  it  will  be  seen  that  it  essentially  responds, 
as  fiar  as  regards  practical  interest,  to  all  that  we  have  a  right  to  reqnire 
of  a  theory.  We  have  no  intention  of  attempting  to  establish  its  correct- 
ness. We  make  use  of  it  for  a  definite  pnrpose,  nnder  the  conviction 
that  it  is  a  needful  basis  for  the  systematic  and  accurate  solution  of 
some  of  the  practical  questions  under  consideration. 

In  brief,  the  object  of  this  work  is  to  give  a  practical  and  clear  idea 
of  the  nature  of  color-blindness,  of  its  importance  to  marine  and  railway 
service,  and,  finally,  a  concise  summary  of  tbe  principles  to  be  followed 
and  the  measures  to  be  taken  in  order  to  secure  immunity  trom  its  pecu- 
liar dangers.  Tbe  reason  why  we  confine  ourselves  almost  exclusively 
to  railways  here  is  that  the  reform  in  view  has  already  been  introduced 
into  this  department,  and  a  valuable  experience  acquired.  And  it  is 
clear  that  these  results  may  equally  well  be  applied  to  navigation,  at 
least  in  all  essentials. 

Color-blindness  in  many  other  departments  of  practical  life  also  leads 
to  serious  incouveniences,  aud  as  it  is  desirable  that  an  examination  of 
the  chromatic  sense  be  nndertaken  on  a  large  scale  in  schools,  as  a  guide 
in  the  choice  of  professions,  we  Lope  this  memoir  may  serve  in  a  meas- 
nre  to  this  end.  We  should,  moreover,  be  very  happy  to  have  the 
opportunity  (so  rarely  accorded  to  physiology)  of  being  useful  to  human- 
ity, without  the  intervention  of  practical  medicine. 

I.— HI3TOBIOAL  SKBTOH. 

Oolor-blindness  has  been  known  for  a  long  time,  and,  therefore,  has 
its  history.  Tbe  first  cases  known  to  the  public  are  mentioned  in  a  let- 
ter from  Joseph  Hnddart*  to  Joseph  Priestley,  dated  January  15, 17T7, 

'  Aa  Ac«OQot  of  persoiw  who  could  not  diatingnisti  colon.  By  Mr.  Jos^h  HoMsit, 
in  ft  loHec  to  tbe  Bev.  Jcwoph  Prlaatlur,  L.UD.,  F.B.S.  Pbilosopbical  Tnotactiou  of 
the  Royal  Sooiet;  of  London.    "  '  '  <^or  the  ;uu- 1777,  part  1,  p.260. 
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jmt  one  hundred  years  ago.  The  cases  in  point  were  tfaose  of  a  ehoe- 
maker,  named  Harris,  of  Mary-port,  in  Oamberland,  and  his  brother, 
master  of  a  mercbant- vessel,  belonipng  to  the  same  port  Altboaghthe 
description  ia  very  brief,  several  features,  wbicfa  at  a  later  date  cbarac- 
terized  complete  color-bliDdness,  are  recognized,  and  especially  in  tbe 
lattn"  case  tbe  type  of  blindaeSH  knovn  at  present  under  tbe  name  of 
red-blindnet$, 

Ibe  first  case  of  color-blindness  accurately  described,  known  to  us,  is 
that  of  John  Oalton,  the  celebrated  Eugllsb  cbemist  and  pbysicist. 
Unable  to  distingnisb  red,  be  studied  tbis  defect  of  nature  in  himself, 
and  published  iu  1794  a  detailed  and  accurate  description  of  it.*  It  is 
after  him  that  color-blind  uess  received  tbe  name  of  Daltonism,  an  ap- 
pellatloD  which  appears  to  have  heea  employed  for  tbe  first  time  by 
Pierre  Prtf  voet,  at  Geneva,  in  1827,  and  was,  therefore,  in  nse  during  the 
life  of  Daltou,  who  did  not  die  until  1844.  It  is  not  boown  whether 
DaltoQ  was  aware  of  tbis  appellation,  but,  however  that  may  be,  be 
probably  would  not  hare  objected  to  tbis  nse  of  bis  name,  for  according 
to  George  Wilson  be  was  more  amused  than  annoyed  by  bis  defect,  be 
himself  enjoying  the  amusement  be  afforded  others  by  bis  mistakes 
in  colors.  His  countrymen  have,  however,  warmly  protested  against 
this  manner  of  immortalizing  tbe  memory  of  Dalton  by  perpetuating  a 
oongeuital  defect,  especially  as  bis  scientific  merits  are  sufficient  to  ren- 
der bis  name  imperishable.  But  notwithstanding  these  protestations, 
and  tbe  universal  use  in  England  of  tbe  name  of  colorbtindnesa,  which 
was  first  introduced  by  Sir  David  Brewster,  and  ia  now  in  general  nse  in 
Germany  [farheblindheit),  the  terms  Daitonume  and  DaiUmien  are  still 
in  common  nse  in  France. 

Dalton  also  cites  a  number  of  instances  of  color-blind  ness,  similar  to 
bis  own,  and  later  a  host  of  others  are  mentioned  by  different  authors; 
but,  on  the  whole,  these  are  isolated  cases  accidentally  encountered,  aud 
considered  as  curiosities,  and  their  moat  striking  features  described  and 
discussed,  but  with  no  knowledge  of  bow  to  reduce  them  to  fixed  laws. 
For  tbis  purpose,  three  tbiugs  were  especially  wanting:  a  practical 
method  of  investigation,  a  large  material  for  the  purpose,  and  a  satis- 
fkctory  theory  for  direction  in  tbe  employment  of  this  material. 

Seebeck  was  the  first  to  interest  himself  especially  in  systematically 
collecting  a  number  of  cases  relatively  very  large,  and  in  comparing 
them  with  each  other.  In  1837  be  made  a  strict  examination  of  tbe 
students  of  one  class  in  a  school  in  Berlin,  and  gave  a  detailed  account 
of  twelve  cases  of  complete  color-bliadness  examined  by  himself,  and  of 
one  mentioned  by  bis  father,  as  well  as  a  few  other  instances  more  or 
less  color-blind,  which  form  the  transition  between  complete  color-blind- 
ness and  the  normal  chromatic  sense.     Seebeck  understood  the  uncer- 

*  Eitraordinary  fttcta  rtslatiuK  to  tlie  vIbiod  of  calure :  willi  ubstrvatiouH  by  Mr.  JuLn 
DaltoD,  revl  October  31ftt,  1794.  Momoire  of  the  Literal;  and  Pbilosopbical  SociM^ 
of  Haacbeotac.    Vol.  v,  part  i  (1796),  p.  38. 
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taioty  and  inadmissibility  of  attempting  to  discover  the  nature  of  this 
blindnesa  by  simply  interrogatiDg  the  color-blind  as  to  the  names  af  the 
colored  objects;  bo  was  carefal  to  note  what  mistakes  they  made  in 
comparing  the  colors,  or,  in  other  words,  bo  ascertained  between  what 
colors,  different  to  the  normal  eye,  tUey  fonnd  resemblances.  Follow- 
ing up  this  principle,  be  proceeded  methodically  to  examine  individaals ; 
.  he  invited  them  to  arrange,  in  the  order  of  their  resemblances  to  each 
other,  a  numberof  colored  objects,  which  in  the  beginning  were  in  confu- 
sion. He  nsed  principally  paper,  about  three  hundred  pieces  of  differ- 
ent colors,  not,  however,  Faceting  other  materials,  especially  pieces  of 
colored  glass.  He  objected  to  silk  on  account  of  its  brilliancy,  bat  rec- 
ommended wool,  although  he  does  not  appear  himself  to  have  preferred 
to  nse  it  It  is  not  clear  from  Seebeck's  writings  whether,  after  each 
examination,  be  preserved  the  order  in  which  these  pieces  of  paper  were 
arranged  by  the  color-blind;  bat  it  is  certain  he  compared  the  manner 
of  arranging  them  in  different  cases,  and  drew  bis  own  conclosions. 
By  this  comparison,  Seebeck  succeeded  in  pointing  out  two  classes  of 
specifically  distinct  color-blindness.  Of  the  thirteen  cases  he  examined, 
eight  belonged  to  the  first  and  five  to  the  second  class.  Moreover,  he 
shows  that  in  the  two  classes  there  is  a  great  variety  of  degrees  of  color- 
blindness, and  seeks  further  to  prove  the  probable  existence  in  the  two 
classes  of  a  gradual  transition  to  the  normal  sense  of  color. 

But  Seebeck  and  his  contemporaries,  like  their  predecessors,  coald  not 
discover  a  satisfactory  ezplanatioD  of  the  defect  in  qnestion,  or  practi- 
cally see  its  relation  to  the  normal  sense  of  color.  This  is  easily  ex- 
plained by  the  fkct  that  at  this  time  there  was  not  the  least  plausible 
system  of  a  physiological  doctrine  of  colors.  Indeed,  as  early  as  the 
beginning  of  our  century,  a  useful  and  satisfactory  theory  had  been 
devised  by  Thomas  Young,  but  it  had  been  neglected  or  forgotten,  as  were 
many  of  the  other  ideas  of  this  extraordinary  man,  who  was  far  in 
advance  of  his  age,  and  consequently  not  understood.  The  theory  of  the 
three  primitivecolors,  or  fundamental  perceptions,  of  Young,  was  rescued 
from  oblivion  by  Helmholtz  about  the  year  1860,  and  also  later,  but  inde- 
pendently, by  Maxwell.  This  theory  has  undoubtedly  already  exerted  a 
very  happy  influence  over  the  physiological  doctrine  of  colors  in  general, 
as  well  as  over  that  of  the  anomaly  in  chromatic  perception.  In  designat-' 
ing  this  theory  by  the  names  of  both  scientists,  we  thereby  simply  ren- 
der justice  to  the  merit  which  accrues  to  Helmholtz  for  having  revived 
and  applied  it.  Owing  to  thistheory,  the  question  of  the  nature  of  color- 
blindness has  been  of  late  the  object  of  strong  and  growing  interest.  The 
number  of  cases,  and  also  of  treatises  on  the  subject,  have  increase<1  very 
considerably,  and  the  study,  undertaken  by  physiologists  as  well  as  by 
opbthalmologioal  practitioners,  has  not  been  confined  to  congenital  color- 
blindness and  its  different  forms,  but  has  also  extended  with  mucb 
earnestness  over  pathological  diagnostics.  It  Is  only  abont  ten  yean 
since  that  a  new  theory,  tbat  of  four  cardinal  colors,  succeeded  in  making 
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maD7  partisans.  Bot  when  will  it  be  in  a  condition  to  meet  the  exigen- 
cies of  the  physiological  doctrine  of  colors  in  a  more  satisfactory  maQDer 
than  the  Toong-Helmholtz  theory  t  This  is  yet  unknown.  With  regard 
to  the  defect  now  occupying  onr  attention,  it  seema  very  doahtfal,  to 
jadge  by  the  trials  that  have  been  made,  whether  this  theory  would  better 
meet  practical  necessities  than  that  of  the  three  cardinal  colors.  And 
it  is  precisely  these  practical  .requirements  that  have  led  as  to  mentioa 
the  theory  here. 

Up  to  the  present  time,  the  theoretical  problem  of  color-blindness 
has  undoubtedly  been  the  object  of  more  serions  attention,  and  has  been 
richer  in  results  than  the  practical,  lilow,  as  the  latter  is  nevertheless 
of  singular  importance,  and  the  difficulties  to  be  encountered  to  solve  it 
in  a  satisfactory  mauoer  seem,  in  many  respects,  of  only  secondary 
importance,  it  is  not  easy,  in  reality,  at  the  first  approach,  to  find  a  suit- 
able explanation.  It  will  not,  therefore,  be  uninteresting,  we  believe,  to 
cast  a  rapid  glance  over  this  side  of  the  question  &x»m  a  historical 
point  of  view,  which  will,  in  the  first  place,  bring  out  the  fact  of  which 
we  speak,  and  perhaps  also  contribute  to  bring  to  light  the  point  at 
which  it  is  necessary  to  look  for  tbe  cause  of  this  state  of  things.  The 
first  writer  who  seriously  occupied  himself  with  the  investigation  of 
color-blindness  in  tbe  various  departments  of  practical  life,  and  especially 
drew  attention  to  the  possible  accidents  occasioned  by  the  employment 
of  color-blind  individuals  on  railways  and  at  sea,  and  generally  in  all 
operations  where  colored  signals  are  ased,  was  George  Wilson,  professor 
of  technology  at  the  University  of  Edinburgh.  *  Wilson's  researches 
were  pnrely  practical  in  aim  and  end.  The  mistakes  made  by  the 
Btadents  of  his  laboratory  in  judging  tbe  colors  of  chemical  precipitates 
led  him  to  reflect  npon  this  subject,  after  reading  the  memoir  in 
which  Dalton  describes  bis  own  anomaly.  For  a  long  time,  he  tells 
us  he  scarcely  dared  suspect  any  of  his  pupils  of  having  so  rare  an  in- 
firmity, but,  like  many  after  him,  he  took  coorage,  proceeded  to  make 
an  examination,  and  found  that  not  only  were  his  suspicions  perfectly- 
correct,  but  that  color-blindness  was  far  fix>m  being  so  UQCommon 
as  nsnally  supposed. 

He  dilates  at  length,  in  his  memoir,  on  the  pecnli^  characteristics  of 
seventeen  color-blind  individuals;  eight  were  examined  by  himself,  and 
the  others  described  by  different  observers,  or  the  color-blind  them- 
selves. These  cases  were  distributed  as  follows:  foorteeu  men  and 
three  women ;  sixteen  cases  were  congenital,  and  one  proceeded  from 
a  cerebral  affection  caused  by  a  fall  from  a  horse.  It  mast  be  re-  ( 
membered  that  this  last  case  bad  not  been  examined  before  tbe  acci- 
dent; a  circumstance  renderiug  tbe  verification  of  the  pathological  ' 
origin  of  color-blindness  difficult,  but  the  description  seems  to  authorize 

*  BMeBTohea  on  ooIoi-blindDeas,  with  a  Bopplement  on  the  daogeT  atlendiDg  the 
prcMDt  ByHtein  of  railway  and  nuuine  colored  Biguals.  Bj  Q«oig«  WilwMi.  Edia. 
burgh,  1656. 
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the  ooBfduBioQ  ^bat  the  otue.  wm  oorreotly  jodgei.  Besides  tbew 
cases  deeoiibed  ia  detful,  and  ill ostmted  by  a  namber  of  interestiing  anec- 
dotes, WltooB  cites  A  groat  many  others  aaalogoos,  bat  trnly  aeeidentally 
eocoantered  "tif  oat  autlior,  or  mentioned  to  him  by  other  persons,  fw 
vbich  be  was  indebted  to  the  intecest  the  queatioa  had  ezeited  ia  Eag- 
laod  by  bia  ova  ialtiatocy  steps.  Wilson'a  data  are  not  merely  limited 
tothtskiDdofinrvestigatioD.  HealsomentionsthesystematicreseaEohss, 
(aaalogona  in  some  measure  to  those  of  Seebeck ,)  which  he  undertook  in 
ordw  to  discover  oolor-tdiud  inddvidnals,  and  by  that  means  form  some 
idea  of  the  freqaenoy  o£  oolor-bliodDess  amongst  the  population.  It  is 
to  him,  in  faat,  we  owe  the  first  efforts  to  establish  regnlar  statistics  on 
this  sabject,  as  it  would  be  diffioalt  to  receive  as  such  the  cases  oolleoted 
by  Dalton.  To  attain  thiaend,  Wilson  examined  at  the  same  timea  large 
number  of  individoala  beltrnging  to  the  same  class,  such  as  soldiers, 
studeats,  poliee-ageots,  veterinaty  stodenta,  etc.,  and  discovered  ia  this 
way  65  color-blind  oat  of  1,151  persons  examined ;  that  is,  5.6  per 
cent,  or  one  color-blind  out  of  every  17.7  persons.  If  desired  Uiat  statis- 
tics of  this  natnre  shoold  render  the  service  expected,  it  is  plain  tbat 
then  nmst  be  great  strictness  in  the  ose  of  the  methods  of  examioatioa, 
and  espeoi^ly  in  any  case  where  a  doobt  of  color-blindoess  exists.  Here, 
as  in  the  olassiflcation  of  color-blindness  in  general,  theory  exercises 
great  influenoe.  In  this  respect,  it  is  very  important  that  uniformity 
should  prevail,  or  at  least  that,  at  the  time  of  the  employment  of  the 
different  theories  and  methods,  the  limits  ahoald  be  well  defined  between 
color-blindnesa  on  one  band,  and,  on  the  other,  between  the  different 
kinds  of  anomalies,  and  finally  that  the  process  shonld  be  so  selected  for 
esamiostioa  and  olassifioation  that  from  any  practical  point  of  view 
.An  accarate  judgment  could  be  formed  of  the  result,  and  a  classifica- 
tion made  of  the  different  cases  under  any  system.whatsoever.  It  ia  oaly 
by  fulfilling  these  conditions  that  these  statistical  data  can  be  useful; 
and  that  they  may  have  a  real  value,  it  is  the  more  necessary  that  the 
method  should  be  so  snre  that  no  color-blind  iudividaal  could  escape 
the  experimenter. 

It  is  impossible  to  say  that  Wilson's  statistics  fnlfill  these  requirements. 
Wilson  was  not  ignorant  of  Young's  theory  as  restored  by  Helmholtz 
and  Maxwell.  But  this  theory  had  not  as  yet  begun  to  excercise  a 
general  inllaenoe  over  the  ideas  of  the  nature  of  the  anomalous  percep- 
tion of  colors,  tha  methods  employed  in  discovering  it,  and  the  maoner 
of  classifying  tlie  different  forms.  Wilson's  method  and  classification 
therefore  are  deficient.  His  method  consists  iu  presenting  to  the 
individuals  to  be  examined  pieces  of  colored  paper,  one  after  the 
other,  or  a  diagram  iu  an  illustrated  work,  and  asking  the  names  of 
the  colors.  Those  only  who  evince  some  hesitation  in  distinguishing 
red,  green,  and  brown  are  required  to  submit  to  See1>eck'8  proof,  tbat  is 
to  say,  classifying  according  to  their  analogy,  but  without  indicating  by 
name  the  pieces  of  colored  paper,  glass,  or  wool.    From  this  it  oao  be 
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quite  poBitirely  oeiio1od«d  that  tMa-  metftMd  is  n»t  altogether  safe. 
Wilspa  wknowledsw  «8  possible  th»t  some  of  the  eolor-blind  might  pass 
anpraeeiTed,  e«peeiaUy  vheu,  to  Have  time,  the  exBminatioa  is  made  more 
hastily  than  the  nwtbod  allows. 

The  olaasiaoatton  is  not  better  regulated ;  in  fact,  it  distribatoa  the 
oolor-Uiad  into  three  olaaees:  1st,  those  who  oonformd  red  with  green ; 
2d,  those  vho  oonfonnd  brown  with  green ;  and,  3d,  those  who  confoand 
blue  with  green.  This  distribatlon  ia  not  foanided  apm  any  theory,  nor 
is  it  either  the  exact  expression  of  well-defiaed  kindsi  Wilson  himself 
agrees  that  those  who  make  the  mistakes  charaoteilziDg  the  first  elasa  do 
not  fail  to  make  thoseof  the  second  also.  The  seoond  groap  might  there- 
fore be  oorreotly  regarded  as  the  same  kind  as  the  first,  of  an  ioferior 
degree.  With  regard  to  the  third  class,  it  is  more  than  doabtfal  whether 
the  greater  namber  of  the  cases  which  it  inclades  can  be  classed  ondor 
the  head  of  coloi-blindoess.  It  also  seems  that  Wilson  hesitated  with 
regard  to  this,  since  be  has  excluded  this  gronp  from  one  of  his  tables. 
This  class  contribates  the  most  also  in  rendering  the  proportion  of  color- 
blindness as  great  as  Wilson  found  it.  From  these  statements,  tbe 
statistics  given  by  this  anthor  cannot  be  regarded  as  very  nsefal. 
Besidee,  the  nnmber  of  cases  examined  is  too  limited,  especially  as  the 
partiealsr  figures  forming  the  sam-total  diffier  considerably  among  them- 
selves. There  is,  however,  anoUier  reason  rendering  Wilson's  work  of 
great  importance,  and  worthy  of  being  especially  mentioned  here.  Wil- 
son's constant  aim,  in  fact,  was  to  direct  attention  to  color-bhndness  in 
its  connection  with  practical  life,  and  that  in  a  very  extended  sense.  He 
shows  that  an  individual  whose  anomaly  from  infancy  has  been  estab- 
lished slioHld  avoid  Be1eot4ng  a  profes«on  in  which  his  defective  sense  of 
ocAor  might  occasion  difficulties  and  anoi^ances  to  himself  as  well  as  to 
others.  According  to  Wilson,  the  colM'-bliod  should  never  become  paint- 
ers, dyers,  weavers,  tailors,  chemists,  botanists,  geologists,  pfaysieiaos,  etc. 
AmmigattbeoocupationB  in  which  the  color-blind  risk  being  tbe  caase  of 
embarrassments  and  annoyances  to  themselves  as  well  as  to  others,  and  of 
real  and  serioas  aocideote,  Wilsim  especially  mentions  those  of  the 
sailor  and  railway  employ^,  because  the  color-blind,  who  have  a  pccnliar 
tendency  to  confound  the  very  colors  employed  as  signals  at  sea  and 
OD  railways,  may  in  this  way  occasion  even  death  itself. 

Wilson  does  not  confine  himself  to  pointing  out  these  dangers  to  their 
full  extent,  but  proposes  preventive  measures.  For  this  purpose,  he 
sn^^ts  very  sensibly  tbe  only  two  measures  that  could  be  taken:  to 
preserve  tfae  colored  signals  in  actual  nse, — red  (=  danger),  green  (= 
attention),  sod  white  (tbe  ordinary  light  of  lanterns,  that  is  yellow  = 
clew:  track),  and  in  this  case  eliminate  all  the  color-blind }  or  else 
retain  all,  and  change  the  signals.  Wilson  decides  in  favor  of  the  latter 
alt«mative,  whioh  he  oonsidera  preferable.  He  says  that  tfae  managers 
of  railways  have  been  very  unfortnoate  in  their  choice  of  colors,  select- 
ing precisely  those,  red  and  green,  the  color-blind  confonnd  the  most. 
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This  opinion  does  not  extend  to  the  signala  used  daring  the  day.  Bat 
Wilson  fails,  and  very  naturally,  when  be  proposes  other  oolors  prefer- 
able, according  to  hiB  jadgment,  for  night-signals ;  for  example,  a  bine 
light,  excellent  in  all  other  respects,  oannot  foil  to  be  oaeless  in  conse- 
qaence  of  the  small  amonnt  of  power  it  is  capable  of  acqniring  in  an 
ordinary  lantern.  WiIbod  reaches  the  couclnsion  that  colors  should  be 
discarded  as  principal  signals ;  they  shoald  be  employed,  he  says,  only 
as  auxiliary,  and  foands  hie  system  of  signals  on  form,  motion,  and  num- 
ber. He  enlarges  to  some  extent  npon  this  saliject  in  a  snpplement  to 
his  memoir,  into  the  details  of  which  we  cannot  now  enter. 

The  dangers  which  threaten  travel  by  rail  and  sea,  and  the  disasters 
resalting  fiom  mistakes  of  the  color-blind  with  regard  to  colored  signals, 
were  clearly  nnderstood  and  distinctly  expressed,  and  the  measores  to  be 
taken  to  avoid  them  plainly  proposed  more  than  twenty  years  since.  If, 
therefore,  it  is  now  asked,  as  would  be  natural,  to  what  practical  resnlts 
all  this  has  led,  we  might  reasonably  expect,  especially  when  we  recall  the 
attention  that  Wilson  awakened  on  the  subject  amongst  his  contempora- 
ries, that  an  important  reformation  for  assoring  public  safety  wonid  long 
since  have  been  accomplished  not  only  in  England,  but  in  every  civilized 
country.  A  mere  glance  over  the  existing  condition  of  things,  however, 
reveals  the  &ct  that  the  answer  is  not  satisfactory.  The  only  practical 
result  mentioned  by  Wilson  in  hia  work  as  a  result  of  his  writings.  Is 
tfae  resolntion  of  the  Great  Northern  Bailway  Oompany  that  the  entire 
personnel  mast  in  foture  prove  themselves  free  &t)m  this  defect  of  the 
chromatlo  sense  befbre  entering  the  service ;  and,  as  Wilson  says,  the 
pnblio  is  indebted  for  this  wise  measure  to  one  of  the  directors  of  the 
company,  Ur.  Graham  HutolusoD,  whose  attention  was  called  to  Wil- 
son's works  by  Dr.  Mackenzie,  of  Glasgow.  We  see  by  this  that  the 
nnmeroQB  articles  written  by  Wilson  before  publishing  his  views  and 
experience  in  fall  had  aroused  pnblio  attention  to  an  interesting  phe- 
nomenon in  the  scientific  world,  bat  had  not  led  to  any  practical  appli- 
cation, except  in  the  one  case  in  which  a  physician  had  succeeded  in  per- 
sonally intereeting  one  of  the  directors  of  a  railway  company  in  the  ques- 
tion. We  know  not  how  far  other  administrations  have  followed  this 
example.  It  is  very  probable  that  this  measure  has  not  been  adopted  by 
a  single  company  in  Dalton's  country,  where  ootor-btindness  was  dis- 
covered in  the  first  place,  and  where  it  was  studied  with  so  much  care 
that  England  was  long  regarded  as  the  veritable  land  of  this  anomaly. 

It  would  appear  then  tbat  no  considerable  change  has  taken  place  in 
the  matter  since  Wilson's  time.  With  regard  to  the  English  navy,  we 
still  lack  positive  information. 

With  regard  to  France  we  are  more  fortunate.  For  a  long  term  of 
years.  Dr.  A.  Favre,  of  Lyons,  was  occupied  with  tbe  practical  side  of 
this  qnestion,  and  made  different  investigations  into  the  perception  of 
colors,  especially  amongst  tbeemploy^sof  the  Paris-Lyon-Mediterranean 
Oompany,  of  which  he  was  for  a  long  time  one  of  tbe  consulting  physi- 
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ciaos.  He  tben  proceeded  to  make  an  examiDation  of  soldiers,  sailors, 
and  students.  The  information  we  are  abont  to  give  is  principally 
derived  from  Dr.  Favie's  pamphlet,  which  he  kindly  sent  as. 

We  will  give  a  brief  statement  of  his  statistics,  hie  method,  and  his 
idea  of  color- blindness,  and  then  his  propositions  for  practical  measares. 

Id  relation  to  the  freqaeocy  of  color-blindoeas  amoogst  the  personnel 
of  r^waya,  Dr.  Favre  tell  ua  that  oat  of  1,196  candidates  examined  by 
htm  from  Jane,  1864,  to  December,  1872,  thirteen  were  red-blind  and 
one  green-blind  (1.17  per  cent.) ;  bat  out  of  728  employes  of  the  eame 
line  examined  in  1872  and  1873,  he  found  not  less  than  42  cases  (5.76 
per  cent.)  of  color-bliDdoeas  more  or  less  pronounced,  and  that  altboagh 
276  amongst  them  had  previodsly  submitted  to  an  examination  for  the 
same  defect.  During  a  subsequent  examination,  firom  July,  1873,  to  Oc- 
tober 1, 1875,  he  discovered,  amongst  1,050  men  from  eighteen  to  thirty 
years  of  age,  nearly  all  formerly  soldiers,  uot  less  than  98  color-blind 
(9.33  per  ceut.].  The  increasing  proportion  of  color-blindness  at  each 
seriee  of  inspection  must  be  attributed  to  the  modifications  introdaced 
into  the  method  and  diagnosis,  owing  to  which  a  comparatively  mnch 
larger  number  of  cases  has  been  classed  under  the  head  of  colorblind- 
neas.  This  large  proportion  is  easily  explained  by  the  method  and  man- 
ner of  making  the  diagnosis.  Dr.  Favre's  method,  which  he  has  devel- 
oped from  year  to  year,  consists  in  this :  he  presents  to  the  sultjects  to  be 
examined  wool  of  different  colors  corresponding  to  those  of  the  spectrum, 
rod,  yeUow  (indading  orange),  green,  blue  (including  indigo),  and  violet, 
and  demands  the  name  of  each  of  these  colors.  All  who  are  at  fault 
about  them  are  pronounced  oolor-blind.  He  regards  also  as  such  those 
who  be^tate,  and  who,  when  the  test  is  repeated  several  times,  give  to  a 
color  sometimes  its  owu  name  and  sometimes  another.  And  yet,  Dr. 
Favre  thought  it  his  duty  to  correct  the  result  obtained  at  the  last  exam- 
ination :  horn  the  98  cases,  be  withdrew  29,  who  hesitated  only  in  the 
designation  of  tbe  colors,  and  8,  who,  after  repeated  tests,  corrected  their 
preceding  mistakes ;  tbe  proportion  falls  by  that  fhim  0.33  to  5.8  per 
cent. 

On  two  points,  Dr.  Favre  has  In  his  works  announced  new  views,  and 
wbether  they  ought  to  be  accepted  or  merely  left  to  gain  supporters, 
tbey  are  of  a  nature  to  produce  conseqnences  of  great  importance  in  tbe 
practical  world.  In  fact,  it  has  invited  especial  attention  on  one  hand 
to  acquired  color-blindness,  which  is  qaite  common,  according  to  his  pam- 
phlet, on  the  Paris-Lyon-Mediterraueau  line,  and  results  from  various 
oanses.  On  the  other  hand,  be  asserts  that  congenital  color-blindness  is 
not  incurable,  but  can  be  remedied  by  means  of  assiduous  and  syste- 
matic exercise  in  colors. 

The  practical  meaenres  demanded  by  Dr.  Favre,  in  accordance  with 
his  views  and  experience  and  that  of  his  fellow-laborers,  with  regard 
to  color-blindness,  might  be  embodied  in  tbe  following  terms :  au  ex- 
amination of  the  chromatic  sense,  obligatory  upon  all  candidates  fbr 
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railway  cmploymeot,  and  npoD  those  already  fo  aerrfee  ;  esehMon  from 
aetire  serrioe  of  all  who  cannot  diBtiagnish  red ;  especjal  examin^on  of 
all  employ^  afBieted  witii  contnooDBorwonndBoii  tl)ehead,(irrecOTerfng 
fromaseriOQSillness;  exaniDatioa  of  drinkers  and  Bmoken;  and,  finally, 
a  periodical  exanriBatioii  of  the  entire perxmiu))  in  active  aervloe;  tbeee 
laat  measores  having  reference  to  aoqoired  oolor-bliDdnen.  These  prin- 
ciplea  apply  equally  well  to  Bailora.  In  behalf  of  his  views  on  the 
curability  of  acqnlred  color-blindDesa,  in  which  be  seems  more  and  oiore 
interested,  Dr.  Pavre  earnestly  nrgee  the  introdnction  of  systematic 
exercise  in  colors  in  schools,  in  the  army  and  navy,  and  on  railways. 

It  is  readily  seen  that  these  views,  and  the  measnres  based  apon  t^em 
might  have  very  considerable  practical  conseiinences;  in  Act,  if  they  were 
proved  by  adeclmve  test,  we  wonld  have  the  bestandmoat  radical  means  of 
preventing  all  the  inconveniences  and  dangers  that  color- blindness  might 
occasion.  Bot,  on  the  other  hand,  if  the  ideas  of  oar  honorable  colleaf^ne 
prove  to  rest  on  bat  slight  foundation,  as  is  generally  admitted  so  f^, 
and  as  we  oarwlvee  believe,  it  is  to  be  feared  leet  throngb  an  actaal 
improvement  in  the  chromatic  senae,  on  which  these  measures  dep«id, 
we  might  be  led  into  error  as  to  the  ability  that  the  color-blind  often 
acqnire  by  praetice  In  designating  the  colors  of  common  objects  aoco* 
rately  by  conjectnre  or  the  help  of  other  characteristics,  and,  lulled  into 
a  false  eecnrity,  neglect  the  measnres  that  shonld  and  might  be  taken. 
We  nre  far  from  asserting  that  Dr.  Favre's  opinion  on  this  point  may 
have  already  exercised  snch  an  inflaenee,  bnt  we  cannot  reft^in  from 
mentioning  a  clrcamstance,  which,  at  all  events,  wonld  not  contradict 
soch  a  supposition.  In  fact.  Dr.  Favre  tells  ns  that  in  1875  the  Academy 
of  Sciences  and  Letters  at  Lyons  voted  resolntions  calling  the  attention 
of  the  ministers,  and  amongst  others  that  of  the  navy,  to  Dr.  Favre's 
pnblloations,  and  especially  bis  request  that  sailors  should  be  educated 
and  exercised  in  colors.  We  do  not  know  whether  this  decision  has 
been  put  into  practice,  bnt  we  have  no  reason  to  doubt  it.  But,  on  the 
other  band,  we  learn,  ttom  special  information,  that  up  to  the  present 
(January,  1877}  no  examination  of  the  chromatic  sense  has  been  exacted 
of  those  desiring  to  enter  the  French  navy.  Kevertbeless,  Dr.  Favre's 
labors  and  hfs  practical  efforts  in  the  canse  of  color-blindness  have 
awakened  genaine  attention  in  France  and  Belgium.  He  tells  us  him- 
self, also,  that  the  greater  part  of  the  precautionary  measures  in  use  on 
the  Lyons  railway  f^m  1867  have  been  since  introduced  on  other  lines, 
and  quite  recently  on  the  Belgian  railwnys.  Moreover,  Dr.  Favre's 
example  has  enlisted  the  interest  of  several  physiciauB  iu  this  cause. 
One  of  the  moat  distinguished.  Dr.  F^ris,  surgeon -general  of  the  nary, 
has  written  a  memoir  on  the  importance  of  color-blindness  to  navigation. 
This  memoir  deocribes  an  examination,  by  the  author,  of  501  sailors, 
amongst  whom  he  discovered  41  cases,  more  or  less  affected  with  this 
anomaly  of  the  chromatic  perception,  that  is  to  say,  8.18  per  cent.  This 
large  proportion  is  explained  by  the  fact  that  Dr.  F^iis  finally  employed 
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tbe  same  matJiod  uidmade  tlu  aamediafnioaifi  aaDr.FuvEe,  acd  neariy 
the  same  olaasifloatiaii,  with  aljgbt  modifleatioDS. 

Tbe  foregoiag  aaema  to  show  tbat  the  gaefitiou  is  now  eseiting  atten- 
tion in  France,  Mid  tixia  owiog  ta  the  activity  of  a  single  indiTidoal. 
It  is  obvioos,  however,  that  aJthoogb  Dr.  Favre  may  have  saoceeded 
inintiodaoiog  measurea  inanriDg  tbecommanioatioDS  against  csolor-btind- 
BesB  amongst  the  employ^  of  the  line  to  wbioh  hevas  himself  attadied,or 
tboee  of  otiit>T  lines,  no  reform  has  been  gtmargXly  recommeiuied  or  intro- 
dooed  on  the  Fieoeh  railways,  and  that  absolutely  no  measarea  have 
been  taken  in  tbe  nary.  Besides,  it  is  evidmt  from  oertain  passages  iu 
Dr.  Favre^s  pamphlet  and  from  his  opinion  of  the  carability  of  oongeoi- 
tal  ooitK'-blindness,  tbat  tbe  principles  applied,  where  a  control  has  been 
introdoced,  have  not  been  partioolarly  rigoroas.  As  to  the  elimination 
of  Uie  (xdor-blind  peraonnel,  it  might  with  certainty  be  concluded  that  no 
rigid  mle  has  been  followed ;  &om  the  &ot  that  those  only  are  dis- 
olurged  from  active  service  who  "  cannot  or  only  partially  can  diatingnieh 
red,  and  are  consequently  dangeroos,"  and  the  fact  that  of  the  forty-two 
color-blind  subjects  detected  by  Dr.  Favre  in  one  of  bis  ezamioations, 
sine  only  were  removed  from  active  service. 

In  Germany,  where  an  interest  in  oolur-blindness  has  been  lately  ex- 
cited in  many  quarters,  bat  little  is  presented  in  regard  to  the  control  of 
this  defect  oo  railways  aad  in  the  navy.  We  can  safely  only  a  few  data 
capable  of  throwing  any  light  open  tbe  state  of  the  qnestioD  there. 

In  an  article  on  the  works  of  Dr.  Favre,  Mr.  Blaschko  points  oat  tlie 
importance  of  serionsly  making  the  sense  of  color  amongst  the  person- 
ncjof  railways  an  object  of  ofQeial  aciutiny  and  control,  aooording  to 
Dr.  Favr^s  plan. 

Dr  Stilling  in  1875  gave  ns  still  further  information  in  an  acoount  of  a 
method  proposed  by  him  for  discovering  color-btindnesa  by  means  of 
colored  shadows.  "Here  also  in  Qermany,"  says  he,  **8everal  railway 
companies  have  directed  their  attention  to  this  subject  (color-blindness), 
and  tbe  time  is  probably  not  for  distant  when  investigation  amongst 
railway  ptrtonnel  and  others  wilt  be  undertaken  or  ojlcio  and  en 
maaae."  We  do  not  know  how  or  in  what  measure  this  prediction  may 
be  realized,  but  inasmuch  as  the  late  movement  iu  Sweden  was  regarded 
by  the  (German  papers  as  a  new  and  extraoidinary  phenomenon,  and  as, 
moreover,  one  of  the  most  eminent  physiologiBts  of  Oarmany  writes  us 
Uiat  no  general  measnree  have  been  adopted  with  regard  to  it  in  that 
cooDtry,  we  may  conclude  tbat  no  practical  reformation  on  the  subject 
has  been  generally  Introduced  there. 

We  bear  from  Holland  that  measnrea  with  regard  to  this  defect  are 
DOW  on  the  road  to  ezeention, 

A  rapid  glance  over  the  devdopneat  and  existing  state,  of  this  qaes- 
tion  in  Sweden  cannot  be  virid  of  interest.  In  what  is  called  the  Leger- 
landa  case  or  trial,  instituted  in  oonseqaenee  of  a  railway  accident,  of 
which  Lagerlunda  in  Ostrogothia  was  tbe  theater,  November  15, 1875, 
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and  vhich  at  the  time  iotenaely  endted  pablio  attention,  t«8tiinooy 
was  adduced  which  led  me  to  snppose  that  color-blindnees  was  one  of 
the  principal  oaoses  of  the  disaster.  This  impressed  me  with  Oie  idea 
that  official  scmtiny  and  control  shoold  be  ezerciaed  over  the  sense  of 
color  amongst  railway  employes.  Withoat  koowing  what  had  been 
done  or  written  with  reference  to  this  in  other  conntries,  I  considered  it 
my  dnty  to  tabe  the  initiative.  After  oonvinciog  myself  that  the  steps 
to  be  taken  shonld  consist,  with  the  preserration  of  the  existing  system 
of  signals,  in  eliminating  from  the  railway  serrice  all  employ^  afflicted 
with  color-blindness,  or  at  least  those  with  certain  hinds  and  degrees,  I 
regarded  It,  first,  of  the  highest  importance,  to  have  a  practical  method 
which  sboald  render  the  discovery  of  the  color-blind  rapid  and  certain, 
withoot  incurring  heavy  expense  or  reqalring  extensive  preparations, 
and  in  conseqaence  to  be  able  to  examine  easily  a  considerable  nnmlier 
of  iodividoals.  Then  it  seemed  to  me  essentii^  to  endeavor  to  interest 
the  high  fanctionaries  at  the  head  of  the  railways  personally  in  the 
matter. 

As  regards  the  method,  I  had  already  fonnd  one  pnrely  theoretic, 
which,  while  in  agreement  with  that  of  Yonng-Helmholtz,  proved  to  be 
practical  in  the  examination  of  the  color-blind.  Bat  this  metliod  was 
only  intended  for  discovering  the  types  of  partial  color-blindness  (com- 
plete, according  to  the  theory],  bat  not  the  form  of  blindoess  I  had 
ascertained  by  the  perimetrical  examination  of  the  colored  visual  field, 
and  defined  nnder  the  name  of  incomplete  color-blindness.  The  metliod 
received  accordingly  a  new  practical  aim,  and  it  became  necessary,  is 
consequence,  to  render  it  more  accurate,  and  especially  to  make  a  trial 
of  it  by  an  examination  of  the  masses,  so  as  to  determine,  by  experiment, 
the  practical  valiie  of  the  method,  and  form  an  idea  of  the  amount  of 
color-bliodnesB  in  our  country,  of  which  no  one  bad  the  slightest  con- 
ception. The  desired  occasion  presented  itself  in  tbe  month  of  Jane, 
1876,  and  I  am  indebteded  to  the  politeness  of  M^or-Qeoeral  Yon  Knor- 
ring  and  Major  Badbeck  for  permission  to  examine  2,220  men  belonging 
to  a  regiment  of  infontry,  cantoned  in  Upland  (standing  army  and  mili- 
tia), and  to  the  dragoons  of  the  guard  [militia).  Tbe  method  proved  to 
be  capable,  in  ite  eztraordioary  simplicity,  of  perfectly  answering  the 
end  in  view  with  reference  to  rapidity  and  accuracy.  Tbe  examination 
of  each  man  required,  on  an  average,  one  minute,  sometimes  more  and 
often  less ;  and  with  the  improved  form  we  bad  given  the  method,  we 
also  discovered,  with  accuracy,  every  iodividoal  incompletely  color- 
blind. With  regard  to  tbe  knowledge  acquired  by  this  examination  of 
color-blindness  amongst  the  population  of  the  province,  we  found  that 
out  of  2,220  men  eleven  could  not  distinguish  red,  seventeen  green,  one 
violet  (T),  and  thirty-one  were  incompletely  blind,  according  to  the 
classification  I  had  nsed.  There  were,  then,  in  all,  sixty  color-blind, 
or  2.7  per  cent  —The  Instances  of  a  feeble  sense  of  color  are  not  in- 
cluded in  this. 
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Od  the  14th  of  Jaly,  of  the  same  year,  I  had  an  opportonity,  before  a 
coDgrees  of  ScaDdioavlan  phygioiaos  aesembied  at  Ootbemboarg,  of 
giriDg  an  account  of  the  method,  of  stating  the  reanlts  obtained  by  its 
use,  and,  besidee,  of  expressing  my  views  on  the  neoeoaity  of  taking 
measnres,  on  a  large  scale,  for  the  detection  of  color-blindness,  especially 
amongst  railway  employes.  It  resnlted  in  the  congress  nnonimoosly 
resolving  that  it  was  neeeasary  to  make  investigations  for  the  detection 
of  oolor-bliodness :  Ist.  Amongst  employes  of  railways;  2d.  Amongst 
pitota,  light-honse  keepers,  and  sailors  in  general ;  and  3d.  In  schools. 
Daring  the  sessioa  of  the  congress  I  had  an  opportunity  also  of  proving 
to  the  physicians  the  practioal  utility  of  the  method  by  examinio  g,  in  their 
presence,  and  with  the  permission  of  Colonel  Oarlsohn,  100  men  of  a  regi- 
ment of  artillery  from  Gotbia,  amongst  whom  we  found  four  color-blind, 
namely,  one  led-bliod,  one  green,  and  two  incompletely  blind.  Besides, 
on  the  some  occasion,  we  discovered  amongst  the  medical  members  of 
the  congress  one  green-blind,  and  amongst  the  aadience  one  red-blind. 

I  was  then  advised  to  apply  directly,  in  person,  to  the  directors  of  rail- 
ways. Thanks  to  the  press,  which  had  attentively  followed  up  the 
debates  of  the  tiothembonrg  congress,  the  question  had  reached  the 
public.  It  naturally  became  an  object  of  attention  to  railway  offlclals, 
although  received  by  a  greater  portion  of  them  with  a  certain  mistrust, 
seeing  in  it  the  result  of  a  scientist's  imagination  or  an  overwrought 
solioitnde,  rather  than  a  matter  of  practical  application  for  the  benefit 
of  railways.  "  If  color-bliodness  really  exist,"  they  said,  "  it  cannot,  at 
any  rate,  be  amongst  the  employes,  or  it  would  undoubtedly  hare  been 
remarked ;  especially  must  this  be  the  case  amongst  the  engineers  and  con- 
duotors,  as  they  rise  from  inferior  grades,  and  consequently  have  amply 
proved  their  ability  to  distinguish  signals."  It  was  therefore  of  extreme 
importance  to  endeavor  to  obtain  at  once  positive  assurance  on  this 
point.  The  opportunity  eoon  presented  itself.  Mr.  Jacobsson,  snperin- 
tradent-in-cbief  of  the  npeala-tiefle  line,  invited  me  to  accompany  bim 
in  a  tour  of  inspection  to  examine  all  the  employ^  under  his  con- 
trol. The  trip  was  made  in  a  special  car;  we  left  Upsal  the  7th  of 
September,  and,  to  make  our  inspection,  halted  at  every  station  and 
gate-keeper's  and  guard-house.  In  brief,  we  stoppedateveryplaoe  where 
an  employ^  could  be  found.  The  investigation  waacoocladed  at  Getle, 
the  8th  of  September.  The  entire  personnel,  men  and  women,  number- 
ing 266  individuals,  was  examined.  We  discovered  amongst  these 
thirteen  color-blind  men,  that  is,  4.8  per  cent. ;  six  were  completely  green- 
blind,  and  seven  incompletely  blind.  They  vere  distributed  as  follows, 
with  mferenoe  to  their  functions:  one  statioa- master,  one  engineer,  two 
conductors,  one  foreman,  two  workmen  (one  a  supernumerary),  two 
overseers  (one  a  supernumerary),  two  way-gnards,  one  porter  (messenger), 
and  one  journeyman  engineer.  Immediately  after  the  examination,  the 
general  superintendent  discharged  all  who  were  completely  green-blind. 

This  first  inspection  was  in  many  respects  very  interesting.    Itabowed 
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that  tiw  method  of  iBspectfon  oonld  be  oaed  aod  was  ezpedieDt  for  tail- 
wajs.  Haraover,  it  proved  that  tlwre  really  were  color- bUod  in  almost 
every  grade  of  servioe  of  a  Swedish  railway,  and  this  whtaoat  there 
haviog  been  the  slightest  aasptcion  of  it,  which  conBrmed  my  opinion  of 
the  atility  and  importance  of  enabling  those  employed  on  railways  to 
convince  titemselvea  de  vitu  of  the  nature  of  oolor-blindnesB  and  of  its 
practical  value  to  railways. 

Belying  npou  the  experience  I  bad  joet  acquired,  I  wrot«,  September 
25,  to  tM  royal  directors  of  the  state  railways,  and  called  attention, 
amongst  other  matters, to  the  neceserity  of  eetablisbinga  syBteisatio  con- 
trol over  the  sense  of  colors  amongst  railway  ofBcialB,and  requested  at  the 
same  time  penniswon,  in  the  presence  of  the  directors,  or  a  person  desig- 
nated for  the  parpeee,  to  esamine  tbe  officiate  attached  to  any  railway 
whatsoever  (oc  the  pnrpoee  of  convincing  tAiti  directors,  in  a  practical 
manner,  of  tlie  trne  natnre  and  impoitance  of  the  question.  At  this  time 
the  direet4>rs  bad  idready  iasoed  orders  that  as  incapacity  to  distingnish' 
primitive  oolora  closed  tbe  avenoe  to  railway  employment,  the  physi- 
cians attached  to  the  difibrent  liucc  mast  exanine  all  applicants,  and 
that  beads  of  seetioos  nnst  afterward  examine  into  whether  any  of 
their  snbordinates  were  incapable  of  distiDgalsbing  these  colors,  in  the 
nse  of  flags  and  <»dinary  signal-lights,  in  any  way  which  seemed  pro- 
per to  tJiem.  On  the  other  hand,  however,  debates  and  exppriments  on 
color-blind  individuals,  at  the  Physiological  Institute  of  Upsa),  had 
enabled  me  to  succeed  in  interesting  in  the  qo^ation  several  persona  at- 
tached to  railways,  and  amongst  tliem  all  the  directors  of  tbe  Upsal- 
Gefle  line. 

In  another  letter  to  the  royal  directory,  dated  October  8, 1  Inrited 
the  members  to  be  present  at  one  of  these  experiments,  to  be  able  to 
form  a  better  judgment  of  tbe  gnestion.  Two  eugineers  of  the  rail- 
way presented  themselves  October  11,  and  on  tbe  13tb  tbe  chief 
director,  Hr.  Troilios,  came  in  person.  From  this  day  success  seemed 
assured.  As  early  as  October  16,  tbe  directors  ordered  that  a  physician 
from  each  diotrict,  and  as  many  more  as  shoold  desire,  should  assemble 
at  my  office  at  an  appointed  time,  to  acquaint  themselves  with  the 
methods  that  I  would  explain  to  them  relative  to  the  examination  of 
cases  of  color-blindness  amongst  the  railway  penonneU  In  consequence 
of  this,  at  tbe  appointed  time,  Ootober  24,  twenty-six  physicians  at- 
tached to  railways  assembled  in  the  Amphitheater  of  Physiology  at 
Upsal,  and  also  thirty-two  individuals  employed  on  railways,  amongst 
whom  were  the  heads  of  nearly  all  the  linea  belonging  to  tbe  private 
companies  of  the  country. 

S'ovember  9,  the  managers  directed  the  physicians  of  the  lines  to 
proceed  gradually,  and  according  to  my  method,  in  tbe  examination  of 
all  Uie  men  then  employed  on  railways,  tboae  at  tbe  physicians 
who  did  not  nnderstand  this  method,  added  the  circular,  should 
Btndy  it,  either  with  me,  or  with  <Hie  of  the  physicians  wbo  had  been 
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present  at  my  leotares  o&  tbe  snbject;  and  flaallf  the  saperiDteDdeDts 
most  send  a  report  of  tbe  result  of  tbis  examination,  saggest  measarea 
to  be  taken,  and  in  oertain  cases  apply  those  that  ciroomstaacea  might 
tegnire.  In  this  way  tbe  reform  waa  actually  introdnoed  on  the  r^l- 
vajs  of  the  state.  Tbe  example  was  Boon  followed  by  tbe  private  com- 
panies (we  do  not  know  of  a  single  exception),  and  altboagh  all  the  re- 
ports bftve  not  been  returned  (February,  1877),  and  consequently  the 
resalt  is  not  yet  perfectly  known,  we  might  assert  that  tbe  examination 
itself  is  fluished  everywhere,  in  au  almost  if  not  entirely  thorough  man- 
ner. Every  case  daring  the  examination  prononnced  doubtful  in  the 
di^nosis,  or  where  donbt  existed  aboat  the  measures  to  take  with  re- 
gard to  it,  bas  been  reported  to  me.  Sweden  is  eonseqaently  tbe  first 
and  only  country,  as  we  see,  where  the  control  in  question  has  been  gen- 
erally adopted,  and  applied  according  to  determined  principles. 

We  have  enlarged  to  some  extent  on  the  manner  in  which  this  matter 
has  been  successively  accomplished  in  oar  country,  not  simply  to  give 
our  experience  on  tbe  subject,  but  rather  that  such  details  soem  to  as  to 
elDcidate  the  question  occupying  us.  Tbis  will  be  clearly  evident  if  we 
compare  other  countries  with  onr  own  with  regard  to  tbis.  Let  us  recall 
the  following  facts:  In  England,  color-blindness  has  been  known  for  a 
century,  and  for  more  than  twenty  years  a  strict  control  over  the  sense 
of  color  amongst  railway  employ^  and  sailors  has  been  demanded.  In. 
France,  a  physician  attached  to  a  railway  bas  been  for  a  long  time  inter- 
ested in  color-blindness  amongst  its  employ^  and  bas  been  endeavor- 
ing for  at  least  three  years  to  introduce  a  general  control  on  railways,  in 
the  navy,  and  in  scbools.  Finally,  in  Germany,  color-blindness  bas 
been  for  a  long  time  a  subject  of  sclentifio  study,  where  tbe  necessity 
of  a  control  of  the  railway  officials  bas  been  urged  by  a  namber  of 
people  of  late  years.  Well,  we  have  seen  that  in  spite  of  alt  this,  not  one 
of  these  countries  has  yet  decreed  or  introduced  a  general  control  on 
railways  and  in  the  navy.  In  Swedeo,  on  tbe  other  band,  where  color- 
blindness bad  scarcely  been  mentioned  until  the  last  few  years,  and' 
where  a  proportion  to  examine  railway  offlcials  was  only  publicly  made 
Joly  14, 1876,  and  referred  to  directors  of  railways  September  25,  of  the 
same  year,  this  impo^-^nt  reform  may  be  already  regarded  (February, 
1877)  as  actually  and  ihorougbly  established,  in  all  essential  details,  on 
tbe  entire  system  of  railways  throughout  onr  country.  To  complete  onr 
data,  ft  may  be  added  that  since  Kovembor  12, 1876,  the  kinghas  issued 
orders  that,  at  the  time  of  a  general  review  of  the  fleet,  eveiy  man  should 
be  examined  witli  reference  to  color-blindness.  Tbis  result  is  so  truly 
remarkable  that  we  cannot  refrain  fh)m  endeavoring  to  discover  the 
probable  explanation  of  tbe  unexampled  rapidity  with  which  it  has  been 
reached  In  oar  country,  Tbe  explanation  does  not  seem  to  us  difficult. 
In  our  opinion,  it  is  chiefly  owing  to  two  circumstances:  one  is  the 
method  employed,  which  is  not  only  aoourate,  as  well  as  simple  and 
rapid,  but  efi'ects  so  i}alpable  a  result  that  the  most  skeptical  observer 
10  s 
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is  strnok  bj  it;  the  other  dnnmstanoe  ia  th«  nsniur  ia  vbieh  the 
bDowledge  of  the  method,  as  well  as  the  priociplea  for  the  intxodootioo 
of  an  (Aoial  coDtnri,  has  been  ^iread  throogfaovt  oar  ooontr;.  This 
ItaUicity  was  not  readied  in  the  nutal  way,  tfaroogh  the  mediom  of 
bo(^  bat  by  oral  expoeitfon,  practical  applicatioa,  and  ds  vita.  Oar 
idea  is  conflimed  by  the  fact  that  this  personal  in&oeaee  is  raeognlsecl 
io  the  eases  brooght  to  onr  knowledge  in  England  and  France,  where 
the  eorotinT  and  control  over  the  sense  of  oolor  amongst  the  ptrwmuttA 
at  railways  has  been  Introdnced,  particnlarlf  on  the  Qreat  Ncwtfawn 
Bailwaj  of  the  flrst-naned  coontiy,  and  the  Paris-Lytns-Hediterra- 
uean  line.  Bat  even  withont  this  sapport,  onr  experience  would  anffi- 
ciently  conrinee  as  that  it  ia  important,  if  not  necessary,  to  ezptoin  the 
qaeation  orally  and  de  vitu  to  the  physioians,  and  especially  to  railway 
employ^  Speech,  in  snch  eases,  has  an  nndonbted  advantage,  and 
onr  ezperieoce  of  the  I<ist  months  of  1876,  when  the  Amphitheater  of 
Physiology  at  Cpsal  was  often  the  resort  of  physicians,  railway  officials, 
and  individnala  afflicted  with  color-blindness,  proves  to  ns  that  Ibis 
kind  of  commonication,  especially  in  snch  a  case  as  that  now  before  as, 
nndonbtedly  exerts  a  more  powerful  iudnence  than  the  best  writtMi  lM>ok. 

The  warm  interest  with  which  the  qaestion  has  been  followed  ap  by 
thejoamals  is  too  important  a  cireomstance  to  be  forgotten.  Not  only 
has  this  k^t  the  public  on  the  alert,  but  the  movement  b«^a  by  as 
has  been  oontinaed  io  other  countries.  Immediate  eSiscta  were  visi- 
ble amongst  onr  neighbors.  In  Finland,  I>r.  L.  Erohn,  who  aoqaainted 
himself  by  correspondence  with  the  method  and  principles  need  in 
Sweden,  has  already  examined  the  railway  officials  of  his  country.  A 
locomotive  and  ambulance  were  placed  at  his  disposal  for  examining 
the  per»0nnet  the  whole  length  of  the  line.  All  was  accomplished  in 
twelve  days.  He  discovered  amongst  twelve  hundred  individuals  exam- 
ined, sixty  color-blind,  that  is,  5  per  cent.  They  were  distribnted  as 
follows:  four  red-blind;  twenty-five  green-bliod;  and  thirty-one  iooom- 
pletely  Wind. 

We  have  as  yet  heard  of  no  results  from  our  method  in  Denmark  wid 
Norway,  bnt  the  qnestion  is  there  under  serioas  examination,  as  the 
Physiological  Institnte  of  Upsal  has  been  vi^ted  on  different  occasions 
by  two  Danish  pbysioiaos,  Dr.  Slidelin  and  Dr.  Fontenay,  sent  by  the 
railway  managers  of  Zeelaod,  and  by  Mr.  Dagen,  assistant  at  the  Physi- 
ological Laboratory  of  Cbristiania,  sent  by  the  Medical  Board  of  Norway 
at  the  snggestiou  of  Professor  Worm-Miiller.  I  have  thos  had  the 
pleasureof  explaining  to  them  the  method  of  examination  as  well  as  the 
practical  principles  and  rules  I  propose  to  commnnicate  in  this  woik. 

n,— THE  NATUBE  OF  COLOE-BUNDNESS. 

It  is  not  my  intention  to  treat  this  qnestion  in  a  thoroogfa  manner, 
bnt  simply  to  mention  what  is  essential  to  the  practical  end  in  view. 
It  has  been  known  for  a  long  time  that  every  one  does  not  i 


ACCIDEHTS  BT  ftML  AKD  SEA.  147 

the  power  of  diaUogniBtiiiig  colors  in  tbe  sanM  maoaer,  and  that  8om« 
exhibit  ft  dtrevgeDoe  of  snoh  a  naCnre  as  to  exoite  snrpriBe  and  amnae- 
menu  Tbe  oonfnsion  of  green  and  red  ia  vary  common.  Bat,  in  many 
iDstnoea,  the  dffBcntty  ooneists  merely  in  discriminatiag  between  deli- 
cate ahades,  while  the  principal  colors  are  easily  diatingniBhed,  How 
ahall  we  explain  all  thia;  how  find  the  relatioo  exlating  between  tbe 
mrmal  sense  of  colors  and  ttie  abnormal ;  fuid  where  mnat  the  limit  be 
drawn  t 

1. — THEOEETICAL  SKETCH. 

Every  one  knows  that  a  radiant  body  creates,  thronghont  the  ethw 
vhioh  sarronnds  it,  nndalationa  which  are  propagated  in  every  direetiOD. 
When  these  andolations — whether  tiiey  proceed  directly  in  right  lines 
from  the  radiant  body,  the  san  for  example,  or  whether  tliey  are  refieoted 
by  some  intervening  body  enoonntered  in  their  coarse — eome  in  contact 
with  special  organs  of  sense,  they  prodnee  certain  corresponding  changes, 
vbicb,  in  their  taro,  excite  certain  perceptions  in  onr  mind.  If  tbe  an- 
dalations  come  in  contact  with  our  akin,  we  oxperienoe  the  sensation  of 
beat;  if  tbey  strike  the  retina,  that  of  light.  It  ia  oonaeqnently  oar  own 
brain  that  prodnces  both  light  and  heat,  resnltiog  ftom  certain  changes 
that  take  plac6  in  onr  organs  of  sense  (the  retina  or  the  skin),  nitboagb 
by  these  names  we  deaignate  the  external  canae,  when  we  say  that  tbe 
raya  of  light  and  heat  proceed  from  the  incandescent  body.  !Neverthe- 
teaa,  to  tborongbly  nnderstand  this  fact  it  is  necessary  on  the  one  hand 
to  distingaish  between  light  and  heat  in  an  objective  sense,  which  are 
virtoally  the  same  thing,  that  is  to  aay,.  nndnlatioas  of  the  ethereal 
medinm :  and,  on  the  other  hand,  between  light  and  heat  in  a  aabjective 
aeDse,  which  are  sensations  of  an  altogether  different  kind.  We  have, 
ID  the  first  place,  here  to  oonaider  onr  perceptiona,  and  aa  their  most 
iamediate  cause  is  found  In  a  modification  or  activity  of  onr  own  organs 
of  sense,  whatever  be  the  external  cause,  it  is  clear  that  we  mast  seek 
the  explanataon  of  all  Inminoua  phenomena  in  onr  apecial  organism — 
the  optic  nerve;  comprehending  by  that  term  tbe  retina,  the  optic  nerve, 
and  those  portions  of  the  brain  with  which  they  communicate. 

If  all  the  nndnlations  of  the  luminons  ethereal  medinm  were  exactly  of 
the  same  nature,  or,  on  the  contrary,  if  all  the  elements  of  onr  optic 
apparatns  reacted  in  the  same  way  on  every  kind  of  nndnlations  of  the 
ethereal  medinm,  ire  coald  with  difflonlty  imagine  senaattona  of  light  of 
a  different  nature.  Every  apeciflc  activity  of  onr  apparatns  of  the  optic 
nerve  woald  produce  a  perception  of  light  which  would  vary  in  degree, 
hot  not  in  quality.  We  conld  bave  no  conception  of,  according  to  the 
ca8es,a  light  of  different  kioda,tliat  ia  to  say,  of  color.  Bnt,ontbeone 
band,  the  acience  of  physics  teaches  that  tbe  nudalatione  of  ether  are 
of  varioas  kinds,  differing  in  the  rapidity,  and  conseqaently  in  tbe  length 
of  the  waves ;  and,  on  tbe  other  hand,  the  snbjective  qualitiea  of  light, 
01  onr  perceptions  of  color,  fitU  within  the  range  of  onr  daily  experience. 
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It  belongs  to  theory  to  discover  the  law  regnladag  these  two  factors. 
All  the  qaalities  of  light  mast  depeutl  apoa  foDCtioDal  differences  of  the 
elements  of  the  organ  of  the  optic  nerve.  A  necessary  alternative  is, 
either  this  organ  has  bat  one  kind  of  elements,  and  then  different  kinds 
of  andulatioDS  of  the  ether  induce  it  to  act  ander  different  forms,  or  else 
there  are  several  kinds  of  elements  or  terminal  organs  in  the  retina  or 
in  the  brain,  which  always  act  respectively  in  the  same  way,  while  differ- 
ing from  each  other.  This  latter  hypothesis  accords  better  with  all  we 
know  otherwise  of  the  physiology  of  the  nervons  system,  and  is  virtually 
but  J.  Mailer's  principle  of  the  specific  energies  of  the  senses  applied  in 
detail  to  the  sense  of  sight.  It  is  also  on  this  last  hypothesis  that  the 
'£oang-Helmbo)tz  theory  is  based. 

The  following  is  the  principle  npon  which  this  theory  explains  the 
qaalities  of  light  or  colors.  When  one  kind  of  element  alone  is  ez<dted 
or  set  in  motion,  or  when  all  are  simultaneously  excited,  bnt  one  in  a 
higher  degree  than  the  rest,  onr  sensation  takes  hold  of  that  element  as 
the  qnality  of  the  light,  as  the  colored  light  or  color,  and  particularly  the 
cardinal  or  primitive  color,  which  corresponds  specifically  to  the  excited 
element.  If  there  are  several  kinds  of  elements,  and  only  two  of  these 
are  excited  or  more  excited  than  the  rest,  we  see  the  light  colored,  bnt 
of  a  color  which  constitutes  the  combination  of  the  two  colors  corre- 
sponding to  the  excited  elements.  It  is  clear  that  the  principle  on  which 
this  reasoning  is'based  gives  room  for  the  admission  of  as  many  differ- 
ent elements,  and,  consequently,  primitive  colors,  as  could  be  desired. 
At  all  events,  it  results  from  the  principle  that  when  all  the  kinds  of 
elements,  whether  there  be  one  or  several,  are  excited  8imultan<>oDsly 
with  the  same  force,  there  is  no  possibility  of  perceiving  the  quality  of 
light.  We  then  see  but  a  light  in  general,  in  contradistinction  to  the 
absence  of  light  or  darkness  j  in  other  terms,  we  see  a  colorless  light,  or, 
OS  it  is  called,  a  white  light,  and  incorrectly  a  Khite  color.  It  follows 
therefore  that  when  one  element  is  principally  excited  while  the  rest 
are  also  excited,  but  in  a  less  degree,  the  perception  of  the  specific 
quality  of  the  light  is  feeble  in  proportion  te  the  degree  of  excitation 
of  the  other  elements,  since  this  effect  of  their  excitation  must  be,  in 
short,  like  a  mixture  of  colorless  light,  or  white  relatively  to  the  color  in 
question. 

Let  us  now  see  how  the  Yoang-Helmholtz  theory  applies  the  principle 
we  have  just  explained.  It  recognizes  three  cardinal  colore,  red,  grren^ 
and  violet,  and  consequently  three  kinds  of  corresponding  elements  iu 
the  organ  of  the  optic  nerve ;  elements  respectively  perceiving  red, 
gieen,  and  violet.  When  the  perceptive  element  of  red  is  excited  alone, 
or  in  a  greater  degree,  we  experience  the  sensation  of  red,  and  so  on. 
Different  kinds  of  undulations  of  the  ethereal  medium  excite,  in  differ- 
ent degrees,  the  different  elements,  but  in  such  a  way,  however,  that 
all  excite  in  some  measure  each  of  these  elements. 

Without  attempting,  &om  a  scientific  point  of  view,  to  explaiii  the  dif- 
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ferent  kinds  of  ol^eotive  light  in  the  leogth  of  the  wave,  Id  the  praoHoal 
coarse  ve  are  pnrBning  here  It  U  mnoh  more  coDTeoient  to  desisfoate 
tbem  by  the  effect  they  exert  od  the  normal  sense  of  colors.  With 
this  ezplanatioa  we  will  then  proceed  to  speak  of  red,  green,  and  violet 
light,  and  so  on,  meaning  those  ethereal  waves  whioh  differ  to  length,  in 
dnratiOD  of  nndnlations,  in  refrangibility,  etc 

The  easiest  and  most  oonvenient  means  of  describing  the  relations 
existing  between  the  kinds  of  objective  light  and  the  excitability  of  the 
different  elements,  07,  in  other  words,  of  the  different  kinds  of  snlijeotive 
light,  will  be  to  conatmot  a  diagram  in  whioh  the  cnrres  indicating  the 
different  kinds  of  light  will  be  traced  on  an  abscisaa  according  to  the 
order  in  which  they  are  presented  in  the  solar  speotram,  and  those 
which  Indicate  the  excitability  of  the  respective  elements,  or  rather  the 
intensity  of  the  sensation  of  colors,  will  be  expressed  by  the  ordinate.  To 
save  space,  and  more  easily  to  comprehend  the  whole,  we  have  drawn 
the  corves  of  intensity  of  the  different  elements  on  the  same  abscissa, 
Thich  conseqaently  serves  for  each  one  of  them. 

Figore  1  represents  this  diagram,  showing  the  normal  sense  of  colors. 
The  spectral  colors  are  here  found  placed  horizontally  in  the  natural 
order,  beginning  with  the  red  (B.),  and  finishing  with  the  violet  (T.) ; 
the  three  carves  of  excitability,  namely,  1st,  that  of  the  organ  perceiv> 
ing  red ;  2d,  that  of  the  perceptive  organ  of  green ;  and,  3d,  that  of  the 
organ  perceiving  violet ;  these  carves  indicate  the  manner  in  which  the 
different  systems  of  waves  of  solar  light  act  on  each  of  the  three  ele- 
ments  sensible  to  light. 

Fra.  1. 


According  to  these  curves,  the  homogeneous  red,  from  the  extremity  of 
the  spectrum  to  beyond  the  orange,  affects  the  perceptive  elements  of 
red  strongly,  in  a  much  less  degree  those  ofgreen,  and  still  less  those  of 
violet.  From  this  rosnlts  the  sensation  of  rod,  which  is  transferred  more 
and  more  into  orange  in  proportion  to  the  increase  of  the  excitation  of 
the  perceptive  elements  ofgreen.  Homogeneous  ^Uow  intensely  excites, 
and  almost  In  the  same  degree,  the  perceptive  elements  of  red  and  green, 
while  only  feebly  affecting  the  perceptive  elements  of  violet  Hence,  the 
sensation  of  yellow,  which  is  a  combination  of  red  and  green.  .  Orem 
light  strongly  excites  the  perceptive  elements  of  green,  and  very  feebly 
and  lUmost  equally  the  two  other  elements.  Hence,  the  sensation  of 
green.  -  Homogeoeons  Hue  excites  quite  strongly  and  almost  equally  the 
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pvceptive  dementa  of  gireeii  and  vd«fot,  but  teaWf  thoaa  of  peiL  Heaoe, 
the  seBsation  oCUne,  iwhieh  is  a  eombimtioQ  of  viotet  ami  gveeo.  FioM 
Ijgbt  powec6iiU7  Affeott  tb»  peroe^T*  •lanants  of  visAA  and  fwAiiy  tiie 
two  otfaeee.    Heooe,  (be  saautien  at  rMet. 

TlMse  carreeeDable  as  to  ezplom  easily  the  ooAora  of  tiie  ^>eotram  by 
the  theory.  We  find  in  whut  prtqportioii  eadi  one  of  tke  tkne  ftiadameD- 
tal  peroepHoiis  eat«r8  into  it  by  meKsaring  the  vertJoal  distanoe  from  their 
plaoe  oa  the  horlsoatal  line  (absciesa)  to  the  coneapondiDg  pokita  of  eac^ 
of  the  three  carveB.  It  i*  then  seen  Aat  there  is  Do.wlor  of  the  apeotfani 
iDto  which  bat  oae  primilire  color  entenexolasiTtly.  Tfao  two  otbecs  also 
fiiriiiBhthMroo«tiog«nt.  NooDelstberefoeeperfeotIy"satarated.''  1%^ 
aie  more  or  less  BpteaA  with  white,  and  green  Ib  the  least  seosiWy  ^'sat- 
nrated,"  or  more  whitish.  Vbe  oarres  also  show  m  that  ydloir  and  Uae 
are  at  the  same  time  whitiA  eolors,  aod  the  aoet  ioteaeely  laminiMs  ia 
tlie  whole  speotram.  When  wo  again  add  that  a  color  "aatnrated"  is 
almost  the  same  degree  as  the  other  spectral  colors,  proceeds  (rum  the 
homogeneoas  combinatioii  of  red  and  violet,  that  is  to  say,  parple,  and 
its  whitish  shade,  pink,  we  shall  have  said  all,  theorotioally,  tkat  we 
hare  to  say  is  relaCioa  to  the  normal  obromatic  sense. 

To  explain  the  aboonnal  sense  of  colors  by  the  theory  of  the  normal,  we 
can,  in  advance,  couoeive  various  possibilitieB,  Let  as  suppose  that  one 
of  the  three  fauduaental  perceptions  is  wanting,  or  that  one  of  tfae  prim- 
itive colora  is  absent;  ft  is  clear  that  the  whole  chromatic  system  will  be 
DpseL  It  is  evident,  therefore,  that  this  system  most  be  completely  dif- 
ferent, according  to  the  absence  of  one  or  the  other  of  the  three  pdmi- 
tive  colors.  It  is  virtually  just  in  this  way  tbat  it  has  been  attempted 
to  explain  eases  of  a  strongly  marked  defect  in  the  chromatic  sense,  or 
genuine  types  of  blindness  to  color,  found  in  real  life.  The  term  color- 
blindTiets  has  been  jaatifled  by  this,  as  it  Indicates  in  each  case  a  genuine 
blinduesa  to  one  of  the  cardinal  colors.  In  this  way,  therefore,  we  dis- 
tinguish, iu^cording  to  the  kind  of  element  wanting,  three  classes  of 
blindness : 

lat.  Bed-blindaess. 

2d.  Oreen-blindness. 

3d.  Yiolet-blhidnees. 

W«  eball  see  that  the  Toung-Helmhotts  theory,  as  we  have  expluned 
it  tax  from  being  contradicbed,  as  has  been  reoeetly  ^ined,  by  the 
phenomenon  of  oolor-blindness,  finds  in  it,  on  the  eoetxary,  a  sapport, 
and  this  theory  most  oertaiiriy  furnishes  tfae  beat  guide  for  atbaaniiig 
the  practical  end  la  view  ft>r  whieh  we  intead  to  use  it.  Let  ns,  te  tbe 
first  iostasee,  cast  a  rapid  glance  over  the  diSerent  kinds  of  typioi^  a«d 
oom^cFte  bliadness  to  colors,  as  tlieir  fbatnres  ate  presented  fcy  the 
theeiy.  ThisabeCeh  win  benogaloplyfirtciftitatedbytbe  oseof  tbeaNme 
kind  of  enrv«B  employed  in  illustrating  the  nomal  sense  of  solon. 

1.  Aooording  to  the  theory,  bliaduMi  to  rtd  is  dne  to  the  abaeacc  or 
paralysis  of  the  organs  peieeiviog  red  (fig.  X). .  Bed-bUadoeaB  has  tiiea 
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but  two  fbndaineDtal  oolora,  whfeb,  adhering  etriody  to  tlw  Uwory,  are 
green  and  violet  (blae  according  to  BfAXVoll). 


The  curves  diitioctly  abow  what  aspect  the  vaiious  kinds  of  ligtats  of 
tke  spectmm  moat  bave  for  the  chromatic  sense  sach  as  the  ooe  we 
hftre  in  view.  We  will  give  a  ehoet  list  of  them,  according  to  Helm- 
holts,  by  desigDatiog  here  the  difEerent  kiiids  of  lights,  as  we  did  bel'ore, 
that  is  to  say,  by  naing  terms  borrowed  from  the  impressloDs  they  pro- 
dooed  on  the  normal  chromatic  sense ;  the  compariaonwill  not  be  with, 
oat  mterest. 

"Spectral  red,  which  feebly  excites  the  perceptive  organs  of  greeo, 
asd  scarcely  at  all  those  of  violet,  mast  couseqaently  appear  to  tbe  oed- 
blind  a  **aturated^  green  of  a  feeble  intentitg,  more  'saturated*  than  nor- 
mal green,  into  which  a  sensible  portion  of  the  other  primitive  oolora 
ente's.  Feebly  laminons  red,  which  afGecta  the  perceptive  organs  of  red 
ia  a  aormal  eye  sofflciently,  does  not,  on  t^e  other  hand,  sofflciently 
excite  tbe  perceptive  organs  of  green  in  tlie  red-blind,  and  it,  therefore, 
seems  to  them  black.  Spectral  yellow  seems  to  them  a  greea  ^taturated' 
and  intenaely  luminoue,  and  as  it  constitates  the  precisely  satorated  and 
veiy  intense  shade  of  that  color,  it  can  be  nnderstood  bow  the  red<b1ind 
Hleot  the  name  of  that  color,  and  call  all  those  tints  that  are  properly 
■peaking  green,  yellow,  Oreen  shows,  as  compared  with  tbe  preceding 
colors,  a  noore  sensible  addition  of  the  other  primitive  colors;  It  then 
appears,  coaseqaently,  like  a  more  intense  bat  whitish  rtade  of  the 
same  color  as  yellow  and  red.  Tbe  greatest  intensity  of  light  in  the 
Bpectrnm,  according  to  Seebeck's  observations,  does  not  appear  to  the 
red-blind  to  be  in  tbe  yellow  region,  as  it  does  to  the  normal  eye,  bat 
tatber  in  that  of  tbe  blaegoeen.  In  reality,  if  the  excitation  of  the  per- 
ceptive ergans  of  green,  as  it  waa  necessaiy  to  aesame,  ia  strongest  for 
gieen,  the  mazimam  of  the  total  excitation  of  the  red-blind  mnst  be 
foaod  sligfatiy  toward  tbe  blae  side,  beoaose  the  excitation  of  the  organ 
perceiving  violet  is  then  increased.  The  white  of  the  red-blind  is  natn- 
nlly  a  combination  of  their  two  primitive  colors  in  a  determinate  pro- 
portioa,  a  oombinatwa  wliicb  appears  bloe-gray  to  the  aormal  sight ; 
tkis  ia  why  he  regards  as  gray  the  speetral  transitition  colora  from  green 
to  blae.  Then  tbe  other  color  of  tbe  apectixia],  which  they«alJ  blue,  pre- 
ponderates, because  indigo-blue,  thongh  somewhat  wtutisbi  according 
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to  their  chrotuatio  sense  is  to  them,  owing  to  its  intensity,  a  more  evi- 
dent representative  of  that  color  than  violet." 

This  description  of  the  manner  in  which  the  red-blind  forma  a  con- 
ception of  the  different  kinds  of  light  of  the  spectram  is  assaredl;  a 
conclusion  lo^cally  dedaoed  from  the  theory,  bat  it  accords  so  welt,  at 
the  same  time,  with  the  experience  ocqaired  in  examining  the  color- 
blind, that  this  mightr  perfectly  serve  to  support  and  corroborate  the 
theory.  -We  will  simply  add  a  point  for  oor  especially  practical  purpose, 
or  rather  emphasize  one  point  of  this  theory.  In  fact,  it  is  clear  that  a 
red  and  green  light  especially  excite  one  and  the  same  element  in  the 
red-blind,  A  ray  red  and  green,  or  an  object  red  and  green,  to  the  Dor- 
mal  sense,  mnst  seem  fhndamentally  to  the  red-blind  to  be  the  same  color, 
and  if,  in  especial  cases,  he  knows  how  to  discriminate,  his  jadgment 
is  simply  gnided  by  the  intensity  of  the  light  The  intensity  of  light 
is  mach  more  feeble,  as  shown  by  fig-  2,  in  red  than  in  green.  If  then 
a  red-blind  individual  finds  that  a  red  and  green  tint  are  exactly  alike, 
it  is  necessary  that  the  green  be  to  the  normal  eye  much  less  intense 
than  the  red.  This  is  distinotly  shown  by  the  vertical  dotted  lines 
between  B.  and  O.,  and  also  between  Y.  and  G.,  in  fig.  2,  and  this  Is 
entirely  confirmed  by  experience. 

2.  ^em-hlindneu  derives  its  origin,  according  to  the  theory,  from  the 
absence  or  paralysis  of  the  perceptive  elements  of  green.  The  green- 
blind  has  therefore  bat  two  fnndamental  colors,  that  Is— still  closely 
adhering  to  the  theory — red  and  violet  (bine  according  to  Maxwell). 
The  Bpectrnm  for  gieen-blindnesa  should  be,  according  to  the  theory, 
constructed  in  the  following  manner: 

Flo.  3. 


The  spectral  red,  which  strongly  excites  the  perceptive  organs  of  red, 
and  but  very  faintly  those  of  violet,  most  therefore  appear  to  the  green- 
blind  as  an  extremely  "saturated**  red,  bat  of  a  light  somewhat  less  in- 
tense than  the  normal  red,  which  is  comparatively  more  yellowish,  as 
green  forms  a  part  of  it.  The  spectral  orange  is  again  a  very  "  saturated' 
red,  but  mnch  more  luminous.  Yellow  is  undoubtedly  a  more  intensely 
iaminons  red  than  the  spectral  red,  bat,  on  the  other  hand,  more  whit- 
ish, because  a  sensible  portion  of  the  other  primitive  color  enters  into  it. 

€treen,  with  its  shades  inclining  to  yellow  and  blue,  ought,  correctly 
speaking,  to  be  a  "saturated"  purple  and  with  a  mean  intensity  of 


ACCIDENTS  BY  BAIL  AND   BEA. 


153 


tight,  bnt  it  is  the  white  (gray)  of  the  green-blind,  for  it  is  compoeed  of 
almost  equal  parts  of  the  two  primitire  colon. 

TbQ  blue  ia  an  intense  violet,  bat  a  little  lesa"8atarated"  than  indigo, 
whioh  is  more  strongly  Inmlnons  sad  more  "  satnrated."  Yiolet  iaa  little 
less  intense,  bat  more  "  sataratod"  than  normal  violet  The  tints  most 
Inmioons  and  at  the  same  time  most  "saturated"  which  mast  constitnte 
the  types  of  the  primitive  colors  of  the  green-blind  are  orange  or  its  im- 
mediate neighbor  in  the  spectrnm,  red,  and  indigo-blae.  Now  orange  is  a 
eolor  which,  in  ordinary  langnage,  especially  amongst  the  anonltivBted 
and  onpracdced,  is  indiscriminately  called  red  and  yellow;  this  fact 
explains  why  tbe  green-blind  denominate  their  drat  fandamental  oolor 
sometimes  "  red  "  and  sometimes  "  yellow."  We  will  add  to  this  descrip- 
tion the  same  remark  made  aboat  red-blindness.  In  green-blindness 
tbe  same  organ  is  also  fonnd  affected  by  spectral  red  and  green  light. 
B«d  and  green  are  then  perceived  by  the  green-blind  in  the  same  way, 
or,  in  other  words,  are  to  him  in  &ot  exactly  the  same  color.  In  oases 
where  he  sncceeds  in  distingaishing  them,  it  ia  by  the  aid  of  the  inten- 
sity of  the  light ;  bat  with  regard  to  this  intensity  of  light,  it  ia  tbe  op- 
posite of  what  oconrs  in  tbe  case  of  the  red-blind.  A  green  tint  whioh 
to  the  green-blind  mnst  appear  exactly  like  a  red  one,  to  a  normal  sense 
of  color  most  be  sensibly  more  Inminoas  than  red.  This  is  shown  by 
the  dotted  vertjoal  lines  between  B.  and  O.  and  also  between  Y.  and  Q. 
[Sg.  3),  and  is  oonflrmed  in  every  respect  by  experience. 

3.  Violet-blindnem  (or  blae  according  to  Maxwell)  is  dae,  according 
to  the  theory,  to  the  absence  or  paralysis  of  tbe  elements  perceiving 
tioltt  The  two  primitive  colors  of  tbe  violet-blind  are  then,  according 
to  theory,  rvdand  grem.  The  spectrnm  of  the  violet-blind  mast  in  conse- 
qnenoe  be  represented  as  follows: 

Fio.  *. 


.  Tbe  red  is  a  porer  red  color  (not  yellowish)  than  normal  red,  bat  still 
leas  "aatnrated";  the  more  it  inclines  toward  orange  the  more  strongly 
Inminoas  it  is,  bnt  is  at  tbe  same  time  less  "  satnrated,"  more  whitish. 
Tbe  jnUow  is,  as  it  were,  a  combination  of  almost  eqaal  proportions  of 
the  fandamental  colors  that  form  white.  Oremt  is  a  strongly  Inminoos, 
but  whitish  green,  whioh  in  tending  toward  tbe  blae,  beoomes  more  and 
more  '*  satnrated,"  so  that  greenish  bine  mnst  be  the  type  of  these  hues. 
Tbe  iltu  is  a  green  of  moderate  Inmlnosity  and  strongly  "  satarated", 
andvioMis  green  very  feebly  laminoos,  bat  also  "satnrated'inamach 
higher  degree  than  the  normal.    A  violet  strongly  Inminoas  is  snfBoient 
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to  indnoe  this  gnea,  bafc  a  fteble  fitiet,  althoD^  vary  teo^Mo  to  the 
normal  eye,  is  black  to  tbe  color-blind  in  ^estfon. 

It  is  plain  tSnttlwTiolet-bliiiJ,  whosapninitiTeAolonaroredaDd  green, 
donoteoDftuetheaecolcn.  Tbiakindof bliDdiiflss,fi«intbeeapeiiiiMnts 
made  so  &r,  most  bs  very  ntrck  ForonrpartwebaTenotsacoeedediadis- 
coTering  more  tfaaa  two  oases  agreeing  qaite  exaotJy  vith  the  descrip- 
tion given  by  the  tbMtr,  wbile  the  first  two  kinds  are  comparatively 
very  oommoD.  Ja  order  to  be  abnormal  it  ia  not  necessary  that  a  seDBu 
of  oolor  shonld  completely  fulfil  ti>e  eonditioas  indicated  in  tbe  t^pes 
we  have  jart  described.  We  might  perfectly  conceive  a  resalCaat,  not 
of  an  absolote  absenoeorof  aoompleteparatyaiBof  one  kind  of  percept- 
ive elements,  bat  solely  of  a  comparatively  very  low  excitability,  or,  if 
preferred,  of  a  much  more  limited  number  of  one  kind  of  elements,  act- 
ing on  the  retina,  as  oompared  with  the  two  other  kinds.  It  is  very  easy 
to  coDstroct  carves  in  oonfbrmity  witii  this  idea,  and  not  leas  easy  to 
arrange  in  this  manner  a  ooutiDooos  series  of  traBsttiooe  asd  gmdnal 
forma  between  one  kind  ot  complete  color-blindaess  on  one  side  and 
the  normal  chromatic  sense  on  the  other.  This  kind  of  defective  vision 
might  be  called  mannpMe  e(>lor-iliKdneta,  to  disHngnish  it  from  complete, 
as  we  have  just  characterized  the  three  different  kinds.  Oar  experience 
has  tanght  ns  that  tbe  intermediary  forms  agreeing  with  ttie  data  given 
above  are  met  in  large  Dnmbers  in  practice  and  of  very  dlffwent  degrees. 
These  are  the  forms  we  designated  ander  the  commoD  app^lation  of 
inoompiete  mlor-blind$te»a,  but  we  can  acccwding  to  the  theory  still  con. 
ceive  other  fbrms  of  a  defective  sense  of  color.  Thera  is  one,  amongst 
others,  which  has  at  command  only  one  of  the  three  kinds  of  elements. 
9ach  a  sense  of  sif^t  is  not  properly  a  chromatic  sense.  For  it,  there 
exists  00  specific  difference  in  light,  that  is  to  say,  no  color.  Every  kind 
of  light  here  acts  as  if  on  one  element  alone.  This  is  why  the  single 
perception  <tf  differences  of  iotenaity  of  light  (quantity),  hat  not  of  dif- 
farencee  of  oolor  (qoality),  is  possible.  This  condition  may  then  be 
desigoated  under  the  name  of  total  eolor-blindneu.  Several  cases  have 
been  mentioaed  fh>m  time  to  time,  but  we  have  not  succeeded  in  find- 
ing a  single  one,  and  it  may  well  be  questioned  whether  such  a  case  has 
actually  existed.  We  may  also  conceive  that  another  form  of  a  defective 
sense  of  color  arises  fh>m  the  three  kinds  of  elements  being  uniformly  of 
moderate  eensibillty.  We  are  able  to  trace  the  following  diagram  {fig. 
5),  by  which  the  three  curves  simultaneously  approach  the  absdssa,  and 
are  flattened  in  soob  a  manner  that  the  vertices  disappear  the  first. 

Fio.  5. 


,  Goo^^  Ic 
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As  w  Madilf  obaerved,  graaa  is  then  praelaely'tfae  oolor  vtatcb,  being 
oidinaaly  tte  naat  wtiibiah  ttf  the  primitliTe  oolon,  is  the  ftrat  to  lose  its 
qiuUtf  of  "(atankted"  color,  and  Aades  Into  sn^.  VUb  mast  then  be 
the  exiut  wdteow  of  patbakf:ioid  color^blindaefls,  aooor^ss  to  tfae  theory. 
In  &ot,  WB  iMve  fbaad  la  our  «zamiiiftt»one  a  laorge  aaaAier  of  cases  per- 
ttctls  liarmouuiDg  with  this  sobeme.  We  bwre,  Oerefore,  dasaed  tbem 
nitder  tbe  tiead  of  incomplete  eehr-biiminas  j  and  tbis  from  essentially 
pnetkal  leasons.  To  define  their  oatare  accordioK  to  the  theory,  it  is 
oeceaiaty  to  reeud  them  as  a  partksQlar  variety,  which  we  ^all  call  a 
^lUetetueo/eetort.  We  are  not  of  ooiuae  able  to  de«de  bow  fhr  defects 
(A  this  kfad  should  be  ooDsideoed  as  having  a  pattelegieal  (nigln,  or 
whether  they  are  ever  ooogealtal.  For  this  deberBinatioa  a  mnch  wider 
experieuoe  in  this  partieolar  department  than  we  now  possess  is  requi- 
site, for  reasons  to  be  given  hereafter.  Ibis  kind  of  defect  in  the  seose 
oi  color  leads,  if  we  fancy  it  carried  to  its  highest  degree,  or  in  such  a 
eoDdition  tbat  alt  tbe  elements  loae  aensitMlity,  to  tbe  oomideto  absence 
of  perception  of  light,  that  is  to  say,  to  btindnesa,  striotly  bo  called. 
Bvery  defeoC  in  tbe  sense  of  oolor  must  thm  proceed  either  from  a  seasi- 
bJU^aoomalooaly  redoeed  to  a  oomplete  paralyals  of  ooe  or  several  kinds 
^elements,  or  from  a  number  relativdy  diminished  in  sensibility  to  tbe 
oomplete  absence  of  one  or  several  anmngst  them. 

The  experience  acquired  by  as  examination  of  ocriors  Indifferent  parts 
of  the  vKoal  field  elocidatea  oar  theory  of  oolor-UiBdness,  while  at  the 
ume  time  having  a  practical  valae.  The  ibllowiog  is  the  manner  in 
which  this  examiiiatloD  is  oondactad:  tbe  eye  is  fixed  apon  an  im- 
Dwrable  point ;  a  colored  object — for  example,  a  colored  paper  one  or 
two  centimetres  (two  or  fhnr-flftha  of  an  iaob)  square — is  slowly 
pneed  from  the  side  of  the  visnat  field  toward  tbe  fixed  point.  Thin 
experiment  ia  performed  stiU  better  by  meaas  of  a  special  instrament, 
FSrster'B  perimeter.  We  then  find  tdiat  the  colored  sorfboe,  of  any  otrior 
whatsoever,  appears  completely  colorless  at  tbe  extreme  periphery  of 
the  visoal  field.  Snrfaoes  of  different  eolors  exhibit  only  variations 
Id  intensity  of  light,  not  in  color.  The  groaad  on  which  tbe  sor&ce 
■ppesra  plays  here  m  important  part;  sinoe  every  time  oar  viaaal 
■ense  perceives  the  light  and  color  ot  an  ot^ect,  it  partly  dqwnds  npon 
the  Gomparis(»)  with  that  whidi  anrronnds  it.  Thos  a  colored  sniface 
Beems  to  na,  in  this  part  of  the  visual  field,  black  or  gray  on  a  light 
STOond,  and  gray  or  white  on  a  dark.  If  wiule  following  the  same 
directioo,  tbe  colored  object  is  carried  within  the  region  which  anrronnds 
the  leat  of  the  risoal  fidd,  like  a  belt  of  greater  or  lees  width,  we  begin 
to  see  the  odored  object,  hot  Dot  alwaya  in  ita  natural  color.  Two  colors 
alooa,  yellow  and  blae,  retain  their  aatoral  colors.  All  the  ethcra  have 
the  appeocanoe  of  one  of  these  ocrfors,  ooase^ueotly  yellow  n-  blue.  It 
i*  Mly  after  the  oolored  o^)ect  is  carried  a  little  farther  toward  the  fixed 
otyeet  that  it  is  seen  in  its  aatnral  oolor.  Conaeqaeutly  we  aorrDBlIy 
see  oohirs  only  in  the  middle  of  otir  viaaal  field,  within  a  compass  extend- 
ing in  a  mere  or  leas  eccentric  matmer  in  er«ry  direction  firwn  the  fixed 
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point.  Oataide  of  the  oentral  field  extends  a  belt  whloh  sarroonds  it 
OD  all  Bides,  and  in  whioti  onr  whole  system  of  colors  is  classed  nnder  two 
beoda,  exactly  as  in  tbe  ease  of  the  red>blind.  We  have  here,  as  Id  the 
la8tca8e,battwooolora,yeltowaDdbtQ«.  InotberwoTds,wearecoinpleteI; 
rod-blind  in  this  intermediary  zone ;  beyond  this,  there  is  a  peripheral  belt, 
in  which  we  are  totally  color-blind.  These  are  matters  nnqneatjonably 
of  great  theoretic  valne,  bat  it  most  be  acknowledged  they  are  also  of 
g:reat  practical  importance.  Although  we  have  adopted  the  Yoaug-Helm- 
faoltz  theory,  we  mast  admit  that  the  different  kinds  of  perceptive  dements 
of  colors  have  a  different  local  dirision  upon  the  retina ;  and  this  ia  why 
we  may  speak  of  the  topography  of  the  chromatic  sense.  The  fact  is  ex- 
plained in  this  way :  in  the  retina  ot  the  normal  eye,  there  are  simaltaoe- 
ously  three  kinds  of  elements  in  the  central  part,  corresponding  to  tbe 
central  region  of  the  visnal  field.  Toward  the  periphery,  beginning  at 
the  central  fossa,  tbe  elements  become  more  and  more  rare,  bet  in  on- 
eqaal  proportions,  so  that  the  perceptire  organs  of  red  cease  first,  and 
this  at  a  limit  corresponding  to  that  of  the  central  region.  Id  a  belt 
which  answers  to  the  intermediate  zone,  or  the  belt  of  the  red-blind, 
there  remains  in  consequence  but  the  perceptive  elements  of  green  and 
violet.  At  the  limit  near  the  periphery  of  the  retina,  correspoodiDg  to 
that  of  the  peripheral  zone  of  the  visnal  field,  or  region  of  abaolate 
color-blindness,  the  perceptive  elements  of  green  cease  also,  so  that  there 
only  remains  in  this  last  zone  the  perceptive  elements  of  violet  We 
have  been  especially  led  to  this  last  conclusion  by  the  examination  of 
two  cases  of  color-blindness,  vbwe  the  visnal  field  was  so  abnormally 
small  that  tbe  peripheral  zone  seemed  to  be  effaced,  and  where  we  be- 
sides recognized  the  characteristic  featnres  of  violet-blindness.  This 
experiment,  which  periectly  harmonized  with  the  theory,  ^owed  os  the 
relation  of  complete  red-blindness  to  the  normal  chrooiatic  sense.  Bed- 
blindness  is  distingnished  from  the  normal  sight  in  this,  that  tbe  normal 
central  field  is  wanting,  bnt  is  replaced  by  a  mean  corresponding  at  tbe 
same  time  to  the  central  field  and  to  the  intermediary  zone  of  the  Dormal 
sight.  We  have  also  succeeded,  owing  to  the  peripheral  Investigation 
of  the  colored  visnal  field,  in  verifying  in  a  great  number  of  cases  the 
continuous  series  of  forms  of  transition  which  we  have  classified  as  one 
kind  nnder  the  bead  of  incomplete  color-blindness,  or  in  the  instance  es- 
pecially ooonpying  us  here,  incomplete  red-blindness.  In  tbe  same  way, 
the  other  kiuds  of  color-blindness  may  also,  as  regards  the  visnal  field, 
be  classified  according  to  the  tbeoi;.  The  visual  field  of  the  green-blind 
is  distinguished  from  that  of  the  normal  observer  in  this,  that  it  has  a 
peripheral  field  corresponding  in  extension  both  to  the  intermediary  and 
I>eripheralzone8ofthe  normal  observer.  Theviolet-bltDd  is  distinguished 
on  tbe  other  hand  in  this,  that  it  is  completely  deficient  in  the  normal 
peripheral  zone.  These  two  kinds  of  incomplete  eolor-blindnesi  are  charac- 
terized by  a  central  field  diminished  at  every  degree.  With  regard  to 
the  visnij  field  we  may  therefore  lay  down  this  rale,  that  it  has  as  many 
distinct  zones,  with  reference  to  the  perception  of  colors,  as  the  chro- 
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matio  sense  baa  fdndamentat  colors  or  different  kinds  of  perceptive  ele- 
ments, and  tbat  tiie  different  degrees  of  incomplete  color-btindness  are  in 
the  inverse  ratio  to  the  dimension  of  tbe  visnal  field.  If  the  central  field 
is  limited  to  a  circle  of  ten  degrees  fh>m  tbe  fixed  point,  all  tbe  respective 
characteristics  of  color-blindness  are  nsnally  fonod  in  it,  sometimes 
witbin  even  a  narrower  range.  A  feeble  sense  of  color  manifests  itself  in 
a  moch  wider  central  field.  All  tbe  anomalies  that  can  be  discovered  in 
an  examination  of  the  visnal  field  might,  in  cooBeqnence  of  the  metbod 
wnplojed,  be  explained  b;  a  diminntlon  of  ezcitabilitf  as  well  as  of  the 
number  of  tbe  elements.  The  intermediary  zone  of  the  normal  visnal  field 
or  belt  of  red-blindness  has  an  especial  interest,  as  it  fnmishes  ns  with 
the  opportunity  of  seeing  with  onr  own  eyes  as  the  red-blind  sees,  and 
cousegaently  of  exactly  comprehending  his  abnormal  perception. 

According  to  the  theory,  we  see  only  yellow  and  bine  in  this  belt,  and  in 
conseqaence  ve  admit  tbat  tbe  red-blind  not  only  mU  yellow  and  blue  their 
principal  colors,  bntmoreoversMtbemexaotly  as  thenormalobserverdoes. 
This  faypotbesis  cannot  assuredly  be  proved,  but  this  ib  cot  necessary,  as 
the  explanation  Helmboltz  has  ^ven  of  tbe  designation  of  one  of  tbe 
principal  colors  of  tbe  red- blind  is  perfectly  satisfactory.  This  circom- 
stance,  however,  has  given  rise,  amongst  others,  to  a  doubt  about  the 
Toung-Hehnholtz  theory,  and  to  another  theory  admitting  four  principal 
colors  to  tbe  normal  senseof  colors,  yellow  beiug  classed  amongst  tbem. 
Bat  this  is  useless .  It  mnst  not  be  forgotten  that  colorless  Ugbt  as  well 
as  colored  light  are  subjective  perceptions,  and  tbat  omnparitan  here  per- 
forms ao  important  part.  This  fact  la  anffldently  proved  by  the  phe- 
nomena of  contrasts,  accidental  colors,  etc.  White  is  not  a  color ;  it  is 
merely  a  general,  neutral  light,  and  is  therefore  produced  when  one  kind 
of  element  is  not  more  excited  than  auotber,  or  when  all  tbe  elements 
are  equally  excited. 

But  as  the  theory  obliges  ns  to  admit  that  the  excitation  of  the 
perceptive  elements  of  green  and  violet  may  in  certain  cases,  as  in 
the  instanoe  of  tbe  red-blind,  supply  the  perception  of  white,  and 
not  bluish  green,  and  tbat  in  certain  cases,  as  in  tbat  of  tbe  green-blind, 
tbe  excitation  of  the  perceptive  elements  of  red  and  violet  does  not  give 
purple,  but  white,  ft  is  in  no  wise  contrary  to  the  theory  to  admit  that 
tbe  excitation  of  tbe  organ  perceiving  green  gives  tbe  perception  of 
yellow  in  cases  where  all  that  remains  moreover  of  the  system  of  colors 
is  the  complementary  color  ofyellow,  that  is  to  say,  bine.  The  excitation 
of  the  perceptive  organ  of  green  gives  the  perceptioo  of  green  only 
on  the  retina  or  on  a  point  of  the  retina  which  also  contains  the  organ 
perceiving  red.  But  this  is  not  the  place  for  further  developments  of 
this  theory. 

2. — OLASSIFIOATIOH  OF  THE  DIFPBBEKr  EOTDS  OP  OOLOB-BLIKDNXSS. 

Id  the  preceding  we  have  indicated,  in  conformity  with  the  theory, 
the  different  forms  of  a  defective  sense  of  colors  to  which,  we  think, 
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Bbonld  be  applied  Uieoametrfeolor-blindBeis,  and  which,  owing  to  their 
netare  theoretically,  mast  be  eonsideted  aa  of  different  kioda.  This 
divisoo  willbesanctioiiedif  weoonsider  thenlationaiD  wbiofait  abwdt 
to  Ibe  method  poraaed  for  disoovctring  them,  and  wbi(A  is  baaed  od  the 
Yoang-Helmhsttz  theory.    It  ia  this  we  aie  aboat  ta  eai^in. 

We  chtwify  the  ditferent  biods  of  oolor-blindaeas  nnder  eapeeial  henda, 
to  be  aUe  the  better  to  graap  the  whole.  We  might  uideed  divide  this 
blindocaa  into  oongeDital  aod  aoqnired,  bat  aa  aneh  a  ftrision  baa  refiar- 
eaca  aloDe  ta  the  mode  of  origin,  and  not  to  tbe  Datore  of  t^ia  bliodiwaa, 
aod  afllects  in  do  wise  t^  maoner  of  its  discovery,  it  has  do  praotical 
importaaee  in  tha  oaBe  now  oocnpyiag  oar  attention.  Beaidaa,  oar 
dinsion  relates^  aa  does  our  entire  memoir  w  this  subject,  eaaentiaUy  to 
congenitAl  color-blindness.    The  diTislon  is  as  follows  i 

L  Total  coloc-bliDdaess  (totaZ  fargbUndJiet),  in  which  tha  faealty  of 
perceiving  colors  is  absolately  wanting,  and  where  the  visual  aenae  ooo- 
seqnentJy  can  only  perceive  tiie  ditferenee  between  darknesa  and  tight, 
aa  well  as  tbe  different  degrees  of  tntcosity  of  light. 

II.  Partial  color-blindaeaa'  {partM  fargilindket),  in  which  the  facatty 
of  certain  perceptions  of  color,  bat  notiif  Sdt^  ifi  wanting.  It  is  flnbdivided 
into —  :'  ■ 

1.  Oomplete  or  t^picql  eolopbliodDeiia  {fiillttandig  or  ^fpiak  fitrf- 
hlindket),  in  which  one  of  the  three  ftnidamental  aeaaatlona,  one  of  the 
thiee  peroeptive  organs  6f  color  in  the  retinai,  is  waoting,  and  in  whieh 
conaeqoently  tbe  colored  visual  field-  has  but  two  rangea.  This  groap 
inclndes  three  hinds,  namely : 

{a)  Bed-bliDdness  {red  bUndhet). 

\b)  Oreen-bKndDea8(j|r0»Mffi(IA«(). 

(c)  Tiolet-blindne6v(irfaIettiltndAeO. 

3.  Incomplete  color-blindnesa  {ofulUtandig  fnrgblindkeff,  where  one 
of  tbe  three  kinds  of 'Elements,  or  perhaps  all,  are  InfBrior  in  excitability 
or  inonmberstothoseof  the  normal  chromatic  sense.  Incomplete ooloi^ 
bliodaess  exhibits,  lifae  the  normal  sense,  three  sones  in  the  visual  field, 
bat  is  distingnished  from  it  by  an  nnnsually  small  central  field.  This 
group  inoladea  the  whole  of  a  series  of  different  forms  and  degrees,  a 
part  of  which — the  snperior  degrees,  which  might  be  called  incomplete  red- 
MtndMssand  incvmpiete  green-blindne*»  (and  inoamptete  violet-bUndnm) — 
oonstitDtes  the  tranBiti<uis  to  the  correaponding  kinds  of  oomplete  oolo^ 
blindness,  and  another  part  of  wbich~-tbe  inferior  degrees,  which  we  oall 
a  feeUe  ehromatie  aeiue — eonatitutes  tbe  transition  to  the  normal  sense 
of  colors. 

We  will  show  further  on  that  this  claHBiftcation,  based  entirely  upon 
the  Young-Helmboltz  theory,  is  qnite  priictical,  and  conformable  to 
experience.  We  know  no  classifleation  which,  though  distinguishing 
aocnrately  between  the  different  essential  forms  of  a  defective  sease  of 
colors,  draws  a  sorer,  more  decided,  and  more  practical  limit  between 
the  defective  sense  of  colors  and  the  normal  sense. 
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For  the  dasBiflcatioK  of  t&«  Aittemat  forms  of  the  Ae£oetive  sense  of  eol- 
□n,  regard  ii  gesieniUy  paid  to  the  methods  of  foveHtigatkn,  and  the  divi* 
«0D  li  goranicd  maeh  more  hj  Lhoae  methods  than  by  a  theory  of  the 
setm  of  oolora.  Bat  in  every  cue  it  is  found  that  the  ulaarificstion  hit- 
teriy  n  as*  leavw  room  Ibr  maoh  iBprovenent,  eHher  beoanse  aoaw  of  the 
fomt  of  defective  oolor-eenae  not  takea  into  aecesBt,  or,  on  the  other 
liasd,  because  eren  some  cases  of  normal  chroniBtio  sense,  wanting  in  ex> 
ereise  and  Int^ligenoe,  have  been  dassed  amongst  the  different  hinds 
of  defeetive  eolor-aenee.  As  an  lastanee  of  the  first  kind,  Dr.  Stilling's 
dtsslfleatioo  shonid  be  locntfo&ed,  irhioh  is  based  upon  the  theory  of  the 
Toarprimitiye  colors,  complementary  two  by  two.  Aooordii^;  to  it,  there 
could  be  bat  two  kinds  of  color-blindnms,  namely :  "  rotitgriiniHindhet^  and 
"g^ibUnbliMdMt*'  {grem-r«diUndnest  and  that  of  blut-yeUoie).  Wilh- 
oQt  allowing  oareelves  to  critioise  the  theory  itself  here,  we  will  simply 
remark,  looking  at  it  practically,  that,  on  one  eide,  this  elaesiflcatioa 
(tnwB  no  disthiotloa  between  the  varioas  kinds  of  red-  and  green-blind- 
nees,  Dr.  Stilling  daesing  them  as  one,  and  that,  on  the  other  side,  the 
uhole  series  of  forms  classed  by  ns  ander  the  head  of  incomplete  color- 
blindness is  not  included  in  his  plan. 

As  an  example  of  a  clasaifleatioD  of  the  last  kind,  the  one  which  seems 
universal  in  Franoe,  and  employed  by  Dr.  Favie  and  Dr.  F^rjs,  may  be 
cited.  It  is  reduced  oeariy  to  this:  all  those  who  give  fake  names  to 
the  primitive  colors  belong  to  one  dass }  those  who  are  only  mistaken 
in  the  ahadee,  bat  not  in  the  principal  colors,  are  classed  nnder  another ; 
»nd,  floally,  those  who,  after  several  trials,  evince  some  hesitation  in  dea- 
ignatiog  colors,  form  a  third  elass.  It  is  plain  that  this  classification 
Kiree  bnt  little  idea,  properly  speaking,  of  the  natnre  of  the  diSereot 
kinds,  and  that  the  third  class  most  inclode  a  large  number  of  individ- 
uals endowed  with  normal  sight,  bnt  who  liave  been  mistaken  or  hesi- 
tated at  the  time  of  the  test,  in  couseqnence  of  want  of  exercise. 

3. — OOLOE-BLIMDKESa  IH  PEACHCAL  tlFB. 

Tolnmes  might  be  written  on  this  anbject,  if  the  different  instances 
of  all  the  pecnliarities  presented  by  color-blindness,  and  all  the  embar- 
nusment  to  which  they  give  rise,  were  cited.  We  will  limit  oarselves 
to  a  fev  facts  here,  closely  connected  with  oar  realty  practical  end,  and 
over  which  they  exert  a  direct  iaflnence.  To  avoid  being  prolix,  we 
will  merely  remark  that  in  allnding  to  color-blindoess  in  general,  with- 
ont  naming  one  especial  kind  or  form,  we  nsnally  mean  the  ordinary 
typical  kinds  of  partial  and  congenital  color-blindnesa,  namely,  red  and 
Srten. 

We  mnet  first  remember  that  oolor-blindnesB  ia  not  a  disease  in  the 
Mnse  of  being  attended  with  safFeriog,  obliging  the  individnul  to  have 
t'econrse  to  a  physician.  Oolor-Uindness,  quite  as  well  as  the  normal 
Bight,  is  a  sense  of  color,  though  of  another  and  a  more  simple  nature. 
He  vbom  we  call  oolor-bliod  is  not  correctly  speaking  at  all  blind  to 
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colors.  He  peroeivea,  in  the  main,  the  same  kind  of  light  as  the  nonnal 
observer,  bat  sees  a  part  of  it  in  another  naanDer.  In  the  system  according 
to  which  he  arranges  hie  colors,  be  has  fewer  kinds  than  the  normal  ob- 
server, and  this  is  wb;  he  is  obliged  to  classify  nnder  the  same  denomina- 
tioQ  a  portion  of  the  colors  classed  by  the  normal  obaerver  under  different 
heads.  It  lesalts  from  this  that  be  finds  resemblances  between  colors  or 
coDfoses  others  that  the  normal  observer  finds  different ;  for  instanoe,  red 
and  green.  These  confosions  natnrally  sarprise  and  amase  the  normal 
observer,  who  readily  imagines  that  it  ariaes  from  very  great  ignorance  of 
colors,  or  fhim  defective  training.  He  ordinarily  snpposes  that  there  is 
□o  limit  to  the  mistakes  the  color-blind  might  make  in  this  respect  Bat 
such  is  not  the  case ;  be  obeja  laws  ijnite  as  exact  as  does  the  normal 
observer ;  a  color-blind  person  can  do  more  accastom  himself  to  seeing 
colors  as  the  normal  observer  does  than  the  red-blind  can  see  colors  in 
the  same  way  that  the  green-bltnd  does,  or  conversely. 

This  theory,  which  is  based  npoo  experience,  explains  to  na  how  the 
color-blind  eee  colors.  But  if  we  only  base  onr  ideas  on  the  names 
given  to  colors  by  the  color-blind,  we  can  be  easily  deceived.  To  jndge 
correctly  of  color-blindness,  and  the  variona  practical  qaeatioDs  con- 
nected with  it,  it  is  of  the  highest  importance  to  distinctly  observe  the 
difference  between  the  manner  in  which  the  color-blind  person  awa  and 
the  manner  in  which  he  names  colors.  The  sensation  is  based  apoD  the 
nature  of  the  sense  of  color  in  the  organization  of  the  optic  nerve  fh>m 
birth.  The  name,  on  the  contrary,  is  learned;  it  is  conventional ;  it  de- 
pends upon  exercise  and  habit.  The  names  of  colors  are  naturally  the 
objective  ezpreasion  of  sabjective  sensations ;  bat,  on  the  other  hand, 
they  are  regulated  by  the  system  of  normal  sight,  and  cannot  couse- 
qoeotly  agree  with  that  of  the  color-blind.  They  can,  nevertheless,  be 
learned  by  the  latter,  and  even  applied  correctly  in  many  cases.  There 
is  connected  with  this  &ct  a  pecnliari^  of  the  utmost  importance 
practically  to  the  qaestioa  in  point,  and  one  that  has  given  rise  to  the 
most  seriooB  embarrassmente  and  misunderstandings.  This  has  been 
and  is  still  one  of  the  chief  causes  of  onr  erroneoas  ideas  on  the  satrject 
of  color-blindness  existing  iu  the  maasea,  because  it  is  the  veil  under 
which  this  defect  usually  conceals  itself  from  oor  observation  in  every- 
day life,  and  under  which,  even  to  the  last  moment,  it  will  succeed  in 
escaping  discovery  in  cases  where,  as  frequently  happens,  the  methods 
of  exploration  employed  are  indecisive  or  are  based  apon  erroneoas 
principles. 

If  we  reflect  on  the  condition  of  the  color-blind,  it  is  difficult  to  nnder- 
stand  how  he  can  avoid  being  detected  in  his  daily  intercourse  with 
men  endowed  with  normal  slghL  And  yet  experience  has  snfflciently 
controverted  this  idea.  That  which  we  have  acquired  in  examining  en 
ma$se  the  jwraoniMl  of  a  railwaj',  for  example,  where  it  is  reqaired  night 
and  day  to  give  attention  to  colored  signals,  is  singularly  worthy  of  notice. 
We  learn  by  it  that  a  number  of  color-blind  were  discovered,  althoagh 
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tbeir  defective  aense  of  color  bad  nevttr  been  Hospected  by  tbemselveB 
or  any  ooe  elue,  aiid  the  majority  had  correctly  performed  tbeir  duties. 
Sacb  a  condttion  of  things  furoiBbeB  us  nitb  food  for  reflectioD,  and  it  vill 
not  be  QDinterestingr  to  examioe  some  of  tbe  peculiar  circamstauccs 
which  explain  it.  All  the  details  connected  with  the  subject  cannot  be, 
of  course,  eDumeratcd  here.  We  will  content  oursplves  Ijy  merely  indi- 
catJDg  tbe  coarse  to  be  foUoived  to  obtain  this  explanation. 

Agreeably  to  tbe  property  of  our  senses  to  serve  as  sentries  before 
the  external  world,  we  interpret  the  ioformatioD  they  give  us  in  apiirtic- 
Dtar  manner.  In  fact,  we  do  not  consider  tbe  changes  that  take  place  in 
our  sensitive  apparatos,  of  which  alone,  however,  we  possess  any  im- 
mediate perception,  but  refer  everything  immediately  to  the  cause  that 
)xns  provoked  it  (that  is  to  say,  to  tbe  external  objects),  and  we  attribute 
ae  qaalities  properly  belonging  to  tbem  what  in  trnth  is  merely  a  pro- 
cess of  our  own  organs.  If  au  object  simply  reflects  certain  kinds  of 
rays  of  light  to  our  eye,  we  preceive  a  certain  corresponding  color,  red, 
for  example.  We  ascribe  this  perception  to  the  object  itself  as  an 
attribute,  and  we  say  it  is  red.  A  red  carpet  seen  by  daylight  is  aud 
remains  red.  It  is  red  by  no  matter  what  kind  of  light.  It  is  red  even 
when  behind  oar  backs  or  before  our  eyes  in  tbe  dark.  We  discard  tbe 
sensation  of  ted,  which  belongs  to  our  opticnerve,  for  tbe  51*01%  of  red, 
whiuh  we  ascribe  once  aud  forever  to  the  carpet,  and  by  this  nanuof 
red  we  snpply  a  whole  defiuition,  which,  to  be  complete,  should  be  stated 
nearly  thus:  "A  red  carpet  is  a  carpet  wbicb,  by  the  ordinaiy  light  of 
day,  reflects  only  etbere;d  waves  creating,  when  in  coutact  with  the 
retina  of  a  normal  eye,  tbe  perceptiuu  of  red,  but  absorbing,  per  contra, 
all  the  other  luminous  waves."  It  is  on  ing  to  tUia  manner  of  imputing 
qualities  to  objepts  that  the  name  Hack  bus  been  admitted  amongst  tbe 
Diimps  of  colors,  altbongb  properly  speaking  it  would  designate  the 
qanlity  of  absorbing  all  light,  and  consequeiilly  of  not  at  all  afl'ecliug 
our  eye.  Xow  the  tendency  to  employ  our  senses,  as  wo  have  just  inci- 
dentally stated,  is  often  promoted  by  a  school  education  so  liaiiCed  aud 
parti;il  that  tbe  immediiUe  impression  is  referred  to  tbe  external  object, 
and  the  faculty  of  observation  is  suppressed  to  give  place  to  descriptions 
and  to  names. 

As  color  is  an  immutable  quality  iu  a  variety  of  objects  of  different 
colors,  it  is  not  very  difficult  to  learn  their  names  by  heart.  Tbe  direct 
unpressioti  is  not  even  necessary.  We  may  bear  a  really  blind  man, 
even  one  boru  blind,  give  the  exact  names  to  colors  of  common  objects  of 
vbiuh  be  has  often  beard.  To  tbe  color-blind  this  ia  still  mure  easy,  as 
be  derives  some  assistance  from  his  incomplete  chromatic  sense.  Oji  the 
other  band,  it  must  be  comparatively  very  rare  lo  meet  ouecolor- blind,  who 
inflaeuced  as  Dalton  was  by  individual  interest  carries  his  retlecciona 
oil  colors  and  the  cbromr^tic  sense  so  far  as  to  reach  tbe  point  of  discov- 
ering his  own  atiomaly.  Amongst  the  colorblind  discovered  by  us, 
11  s 
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vbile  directing  oar  researches  especially  to  this  point,  cot  a  few  bav« 
been  paiuters  and  tailors. 

Bat  sDcb  disregard  to  the  subject  of  colors  is  do  longer  permitted  in 
occupations  vbere  colored  signals  are  emplojed  and  where  haman  life 
may  depend  niton  the  manner  in  which  the  signal  is  or  is  not  aoderstood, 
as  on  railways  and  at  sea. 

A  gteat  Dumber  of  colorblind  are  to  be  foond  employed  in  almost 
every  position  on  railways,  without  the  defect  in  their  chromatic  sense 
being  suspected  by  themselves  or  others.  Nay,  more,  a  number  of  them, 
far  from  being  willing  to  acknowledge,  even  after  the  examination,  the 
existence  of  such  a  defect,  urgently  demand  a  new  trial,  even  six  or 
seven,  otferiug  all  kinds  of  pretexts  to  account  for  their  repeated  failures. 
They  all  agree  in  declaring  that  they  have  excellent  sight;  that  tbey 
have  never  bad  the  least  difBculty  in  distiDgnishiog  signals,  though  they 
bare  been  employed  for  a  long  time  and  in  the  most  important  positions, 
that  for  instance  of  engineer,  and  had  never  made  the  slightest  mistake; 
that  the  engineer  is  never  the  only  one  whose  duty  it  is  to  watch  the 
signals.  He  bas  always  near  him  a  fireman,  and  in  his  neighborhood 
an  assistant  engineer,  a  greaser,  eta,  wbo  come  to  his  aid  at  critical 
moments.  That  mast  be  a  very  rare  case  where  all  the  offlciala  are 
affected  with  color-blindness. 

Looking  practically  at  the  fact  mentioned  and  the  explanation  given, 
it  might  be  imagined  probably  that  color-blindness,  althoagb  a  subject 
of  scieuti&c  interest,  coold  not  possess  any  possible  practical  interest. 
At  least,  it  might  be  t)elieved  that  all  the  stir  which  has  been  made  in 
our  country  about  color-blindness  amongst  railway  employes  was  Tounded 
upon  nothing  real.  Since  it  is  proved  (it  may  perhaps  be  urged)  that  the 
color-blind  have  long  been  employed  on  railways  and  the  defect  never 
remarked,  without  any  accident  or  even  inconvenience  resulting  from 
it,  and  finally  since  tbey  can  really  learii  to  distinguish  signals,  altbongh 
otherwise  than  by  colors,  their  kind  of  blindness  should  not  legitimately 
give  ri.se  to  any  preventive  measurtis  whatsoever.  And  doubtless  a 
great  many  still  reason  in  this  manner. 

We  will  not  dwell  here  upon  what  experience  has  or  has  nut  proved 
with  regard  to  this  in  our  country.  The  fact  is  certain  that  color-blind- 
ness in  other  countries  bas  caused  numerous  and  serious  accidents.  And 
even  though  ext>erieuce  should  not  have  proved  it  in  au  absolute  manner, 
it  would  not  be  the  less  evident  that  in  such  cases  no  oue  has  the  right 
to  await  a  new  experience  of  this  kind  bcTore  proceeding  from  words 
to  hcts,  inasmuch  as  it  can  be  demonstrated  that,  tn  spite  of  the  many 
circumstances  aiding  the  color-blind  to  obey  signals,  aJl  danger  is  not 
averted,  and  uucertainty  still  remains.  Kow,  this  is  not  difficult  to 
prove,  for  neither  the  &ict  that  color-blind  individuals  have  been  long 
employed  on  railways  without  ciiusiug  accidents,  or  without  the  discov- 
ery of  the  defect,  nor  the  circumstances  we  have  cited  to  explain  this 
(act,  furnish  the  slightest  ground  for  security. 
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A  color-bliod  iodividual  of  tUe  typical  kiutls  cannot  distiuguisb  red 
from  green.  TLib  is  au  undoubted  fact,  easily  explaiued  bj  theory  and 
ailequately  proved  by  experieoce.  AU  that  be  asserts  about  differenceB 
between  tbe^e  colors  is  t'ouuded  consequently  upon  conjecture.  Bnt  this 
manner  of  pei'ceiviug  signals  is  uttendetl  by  great  uacertainty,  and  be 
who  guesses  correctly  in  this  manner  in  a  certain  number  of  special 
cases  must  infallibly  gness  wi'ong  in  some  cases.  This  is  a  priuciple 
Tbich  does  not  rest  ou  a  theory,  but  wbicb  has  beeu  confirmed  by  our 
eiperieoce  without  an  exception  iu  au  examination  of  more  than  tn^o 
baudred  color-bliud  persons,  and  its  evidence  could  be  extended  far 
beyond  the  limits  to  which  we  are  confined  here,  or,  in  other  words,  to 
tbe  majority  of  the  cases  of  incomplete  oolorbliudness. 

If  a  small  amount  of  soot,  smoke,  vapor,  ice,  suow,  etc.,  adhere  to  tbe 
glass,  tbe  lautern  shines  less  brightly.  A  lantern  shines  differently  In 
elear  or  foggy  veather,  etc.  All  this  may  give  rise  to  mistakes.  Bnt, 
ou  the  other  baud,  the  sensibility  of  the  eye  is  very  different  according 
to  circumstances.  The  nervous  organ  of  the  eye  may,  like  every  other 
part  of  tbe  system,  vary  extremely  in  sensibility.  Tbe  same  light  is  to 
the  Bound  and  rested  eye  stronger  than  to  the  weak  aud  tired  eye,  etc. 
Bat  every  modification  of  intensity  of  light  is  equivalent,  to  tbe  colore 
blind,  to  a  change  of  color.  Alt  this  proves  how  little  relinuce  can  be 
placed  upon  tbe  knowledge  of  signals  acquired  by  tbe  color-blind  by 
practice. 

IIL— KEFOKMS  RELATING  TO  COLOK- BLIND  NESS. 

As  we  have  sbowii  already,  tbe  teudency  of  color-blindness  to  conceal 
itKelfwberesoeveritoccurs,  in  all  classes  of  society,  especially  in  the  lower, 
may  be  regarded  as  one  of  its  most  remarkable  peculiarities.  It  Ls 
necessary  to  add  still  another  circumstance:  one  whose  color-blindness 
has  been  disclosed,  and  who  is  thus  himself  made  aware  of  his  defect, 
and  who  has  been,  as  is  so  commouly  tbe  case,  a  subject  of  ridicule 
to  his  acquaintances,  is  generally  more  than  ever  eager  to  conceal  bis 
infirmity.  The  result  of  this  is,  iu  spite  of  all  that  baa  been  written  ou 
color-blindness,  this  affection  of  tbe  sight,  far  from  being  recognised 
as  a  fact  belonging  to  every -day  life,  has  been  and  still  is  considered  by 
the  public  aa  a  legend  about  which  anything  desired  could  be  believed. 
The  idea,  at  least,  usually  formed  with  regard  to  its  frequency  and  prac- 
tical importance,  is  far  from  corresponding  with  the  reality.  It  is  diffl- 
cDlt  to  accustom  one's  self  to  the  idea  of  tbe  necessity  of  refusing  to 
a  number  of  persons  admission  to  a  career  which  would  aflbrd  them 
meaos  of  subsistence,  and,  what  is  worse,  to  discharge  from  their  present 
position  those  who  have  performed  their  duties  in  an  irreproachable 
manner,  and  which  have  been  to  them  aud  their  families  a  legitimate 
source  of  Income. 

Prompted  by  a  just  regard  for  the  good  of  man,  it  is  asked  whether 
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tbe  difficulty  in  distiugnisbiDg  colors  experienced  liy  certatu  iudivitlnals 
may  be  corrected  by  exercise.  And  if  tbis  is  not  possible,  it  is  natoral 
to  conclude  that  more  regard  is  due  to  tbe  men  tban  to  u  particular  kind 
of  signals,  since  the  latter  is  not  absolutely  essential,  and  consequently 
may  be  changed  if  not  adapted  to  tbe  employes. 

1. — INSTBUOTION  AND   ESEBCISB   OF   THE   FBBBOKNEL   IN   BECOGNIZ- 
INQ  COLOBS. 

The  ini[K>rtance  of  the  habitual  exercise  of  oar  senses  geuerally  should 
not  be  underrated.  As  we  are  bom  witb  uatarally  sound  organs  of  loco- 
motion, and  yet  require  to  be  taught  to  walk,  so  it  is  necessary  to  learn 
to  nse  onr  organs  of  sense ;  and  when  experience  sbowa  ns  that  many 
original  defects  of  oar  organs  of  locomotiou  can  be  remedied  as  well  as 
those  of  onr  visaal  organs,  we  readily  conceive  the  idea  tbat  this  is  also 
possible  with  color-blindness.  If  it  were  the  case,  this  would  be,  without 
doubt,  the  most  radical  means  possible  for  protecting  railway  lines,  with- 
out the  necessity  c^  displacing  a  single  employ^. 

To  avoid  all  misnuderetandtng,  we  mast  dwell  upon  the  difference  tbat 
we  have  mentioned  between  the  genuine  perception  of  the  color-blind 
and  tbe  name  he  gives  to  the  color  of  the  objects.  We  have  already  seen 
tbat  a  true  name  may  often  be  nuited  to  a  false  perception,  but  it  is  evi- 
dent, also,  that  just  as  the  perception  is  anomalous,  or  merely  uncertaio, 
tbe  name  must  also  be  uncertain,  as  it  is  simply  a  conjecture.  We  do 
Dot  here  allude  to  that  acquired  color-blindness  which,  casually  occur- 
ring, might  also  disappear,  but  to  congenital  color-blindness,  let  it  be 
nnderstood. 

We  will  endeavor  to  give  some  account  here  of  what  experience  has 
furnished  on  this  subject,  and  first  of  all  we  will  try  to  discover  upon 
what  grounds  it  is  claimed  that  color-blindness  can  be  cured. 

An  effort  has  been  made  to  derive  cue  indication  of  this  from  the  fact 
that  amongst  the  numerous  instances  of  color-blindness  that  have  been 
discovered  and  mentioned  by  different  writers  since  Huddart,  there  are 
many  more  amongst  men  than  women.  It  is  concluded  from  tbis,  in  tbe 
first  place,  that  color-blindness  is  much  more  common  amongst  men  than 
women,  and  from  this  statistical  fact,  added  to  the  undoubted  ex|)erience 
tbat  women  have  more  to  do  wilh  colors  from  their  very  infancy  than 
men,  from  the  nature  of  their  clothing,  etc.,  another  in  ference  is  reached, 
namely,  tbat  exercise  assists  in  dimiuishing  and  counteracting  color- 
blindness. All  tbis  may  be  true,  but  tbe  argument  fails  in  more  thau 
one  particular.  In  the  first  place,  it  has  not  been  at  all  proved,  we  think, 
tbat  color-blindness  is  less  common  among  women  than  men.  Tbe 
majority  of  the  cases  of  color- bliuduesa  described  by  writers  have  been 
accidentally  discovered,  tbat  is  to  say,  without  any  special  examination. 
If  we  observe,  first  of  all,  that  these  are  pi-obably  the  most  marked  cases 
of  color-blindness,  and  also  that  they  are  usually  not  persons  who  have 
moch  to  do  with  colors  (as  these  easily  conceal  their  defect),  it  will  bo 
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readily  nnderstocKl  wby  the  female  sex  has  famished  bo  small  a  pioportioD 
to  statistics.  Again,  in  cases  where  experiments  are  made  to  discover 
color-blindDess,  it  is  evidently  mocli  easier  to  find  opportnnities  to  ex- 
amine men  than  women.  For  the  moat  part,  those  examined  are  soldiers, 
stadeots,  agents  of  police,  etc.,  it  being  difficnlt  to  find  eqaal  oppor- 
tnnities for  examining  women  en  matBe.  It  is  necessary  to  operate  on 
a  large  number  to  obtain  very  satisfactory  statistics.  The  data  we  pos- 
sess are  fornisbed  mainly  by  experiments  among  men.  This  is  wby  we 
reotnre  to  dispate  what  is  nsnally  admitted  as  a  certain  fact,  that  color- 
blindness is  more  common  among  men  than  women,  the  necessary  infor- 
toatioD  being  so  far  wanting  to  establish  sach  a  fact.  We  mast  not 
overlook  the  testimony  of  Prof  H.  Dor  on  this  subject,  who  examined 
the  very  considerable  nomber  of  611  women  aC  Berlin,  amongst  whom  be 
foand  only  five  color-blind,  or  little  less,  therefore,  tban  1  per  c«nt.,  or 
exactly  0.82  per  cent.  We  do  not  desire  in  the  least  to  deny  the  possi- 
bility that  color-blindness  amoogst  women  is  less  common ;  on  the  con- 
trary, we  think  it  even  probable  that  this  may  be  the  case. 

Id  using  the  statistics  of  the  experiments  thns  far  made  on  women,  it  is 
important  to  observe  carefally  whether  the  method  of  scmtiny  has  been 
each  that  previons  exercise  has  not  had  some  effect  npon  the  resalL  For 
if  the  method  is  fonoded  npon  the  principle  that  those  examined  mnst  be 
interrogated  as  tA  the  names  of  the  colored  objects  presented  to  them, 
and  their  chromatic  sense  jadged  according  to  the  answer,  it  is  clear 
tliat  the  proportion  of  failures  will  be  relatively  leas  amongst  women  than 
men,  as  they  have  mncb  more  practice.  We  are  not  certain  that  this 
may  not  be  the  explanation  of  tbe  result  thus  far  obtained. 

For  a  number  of  years.  Dr.  Favre  devoted  himself  to  tbe  study  of  color- 
blindness amongst  railway  employ^,  and  succeeded  in  introducing 
reformatory  measures  on  several  railways  in  France.  This  circumstance, 
and  the  manner,  also,  in  which  he  has  treated  this  subject  from  several 
points  of  view,  are  more  worthy  of  attention,  since  be  has  boldly  pro- 
Dounced  In  favor  of  tbe  curability  of  color-blindness  by  exercise,  and 
arged  meaanrea  founded  upon  this  principle.  We  will  give  his  result 
io  the  anther's  own  words: 

''Out  of  one  hundred  and  forty-six  scholars,  from  seven  to  sixteen 
years  of  age,  belonging  to  two  schools,  one  hundred  and  eleven  named 
the  natural  colors  without  error  or  hesitation ;  thirty-five  made  mistakes 
in  different  degrees;  twelve  made  serious  mistakes  with  regard  to  sev- 
eral colors ;  the  errors  of  the  others  were  with  regard  to  orange,  blue, 
or  violet ;  some  were  mistaken  about  all  these  three  colors,  others  about 
two,  and  some  only  about  violet.  These  thirty-five  children  were  sub- 
jected by  their  instructors  to  repeated  methodical  exercises  according 
Ic  the  directions  I  bad  given  them.  One  of  the  teachers  cured  all  bis 
defective  pupils;  the  duration  of  tbe  treatment  varying  from  two  weeks 
to  six  months.  The  other  teacher  had  on  the  2d  of  April  of  this  year 
only  tvo  patients  out  of  eleven  uncured." 
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In  Bn  additional  note,  be  adds:  "This  accoant  of  tbe  treatment  of 
coIor-blindueBS  mast  be  brief  on  account  of  tbe  object  for  which  it  is  in- 
tended ;  bnt  it  may  be  necessary  to  set  forth  in  a  few  words  (be  procees 
in  nse  in  schools.  I  bare  simplified  it  as  mncb  as  possible.  The  chief 
point  was  to  have  the  colors  corresponding  with  those  of  the  solar  spec- 
tram,  that  is,  those  generally  designated  by  tbe  names  of  violet,  indigo, 
blue,  green,  ydloie,  orange,  and  red.  The  scale  of  colored  wools  that  I 
presented  in  large  qnantities  to  managers  and  agents  of  railways,  to  my 
colleagnes,  to  several  teachers,  male  and  female,  and  to  individaals  under 
treatment,  was  thns  arranged :  five  packages  were  composed  of  three 
shades  each — tfaree  shades  of  red;  (bree  of  pellow,  inclnding  orange;  three 
of  green;  three  of  blue,  inclnding  indigo;  three  of  riolet;  and  besides  one 
package  of  white  and  one  of  black  wool.  The  children  are  aommoDed 
one  after  tbe  other,  and  separately  iulerrogated.  The  examination  of 
those  who  are  withont  this  defect,  and  are  well  trained,  is  soon  made. 
Those  who  hesitate  or  trip  sbonld  be  treated  with  great  indulgence,  and 
set  straight,  if  I  may  so  express  it,  and  if  tbeir  errors  are  not  easily  cor- 
rected, their  answers  are  accarately  noted  down.  Tbe  master  then,  in 
another  lessoo,  shows  and  names  the  colors  to  tbe  children,  and  makes 
them  repeat  with  Aim.  It  is  important  not  to  make  the  inexpert  pnpil 
an  object  of  ridicule  or  even  of  attention  to  his  companions.  The 
lesson  should  be  repeated  every  three  or  fonr  days  antil  be  is  qait«  cer- 
tain that  the  idea  of  colors  is  well  establisbed.  Tbe  trai«ing  is  com- 
pleted by  making  them  name  tbe  color  of  the  varioas  objects  witbin 
reach  of  tbe  master;  flowers,  fabrics,  geographical  maps,  etc  OarpapHs 
will  not  be  able  to  distingnictb  the  14,420  tiots  establi^ed  by  If. 
Obevreul,  bnt  they  will  have  acquired  the  indispensable  mimimnm ;  they 
will  know  tbe  a,b,e,o(  the  scienoe  of  colors.'* 

What  we  have  jost  quoted  cannot  easenti^ly  change  the  view  we 
have  adopted  and  described  in  the  preceding  pages.  To  demonstrate 
the  carability  of  color-blindness,  it  is  indispensable  to  prove,  first,  tbat 
the  treatment  is  applied  to  those  whose  defldeocy  has  been  duly  estab- 
lished, and,  in  the  second  place,  that  these  same  at  the  end  of  the  treat- 
ment bave  a  normal  chromatic  sense,  or  at  least  are  not  color-blind. 

Dr.  Favre's  pamphlet  does  not  ftamish  us  on  these  points  with  sufficient 
evidence.  We  cannot,  from  our  point  of  view,  bare  much  ooafldence 
in  tbe  method  of  investigation  employed  by  Dr.  Favre.  It  is  not  only 
possible,  buteven  extremely  probable,  that  ignorance  and  a  want  of  prac- 
tice might  pass  for  color-blindness,  and  espectally  as  the  examination  is 
that  of  children.  Tbat  there  were  among  the  individuals  under  Dr. 
Favre's  treatment  some  cases  of  genuine  color-blindness  would  appe» 
from  the  fact  that  two  children,  a  year  aUer  beginning  the  training,  bad 
DOtsacceeded  in  learning  the  task  ini|H)$e<l,  which  neverlboless  does 
not  seem  to  present  insurmountable  diniculties.  eveu  in  instances  of  per- 
sons really  color-blind. 

In  brief,  without  attempting  to  deny  the  cimtbility  of  color-bMndness 
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theoretically  or  practically,  we  maintain  that  not  one  positi%'e  proof  of  it 
bas  so  far  been  produced. 

It  is  a  Bigoiflcant  fact  that  iodiTtdaala  who  bave  tbemsclves  discov- 
ered their  onn  chromatic  blindness,  and  have  been  very  much  int«re8ted 
in  it,  having  reflected  and  experimented,  and  conseqaently  exercised 
tbemselves  mnch  in  coIofb,  have  nevertheless  retained  their  anomaloas 
perception,  such  as  it  was  in  the  beginning,  for  many  years,  indeed,  as 
long  as  they  lived.  Snch  was  the  case  with  Harris,  who  himself  discov* 
ered  hia  defect  at  the  age  of  four  years,  and  studied  it  with  mnch  inter- 
est, bat  never  succeeded  in  correcting  it.  Milne  was  fonnd  by  Wilson  to 
be  aa  color-blind  at  Edinburgh  in  1851  as  be  was  thirty  years  before, 
when  Combe  examined  him.    Such  was  also  the  case  with  Frofessor 

^ ,  examined  twenty  years  before  by  Sir  David  Brewster.    But 

BDch  was  especially  Daltou'a  case,  who  has  thrown  mnch  light  npon 
the  subject.  No  one  will  deny  that  if  exercise  in  colors  can  care  chro- 
matic blindness,  Dalton  would  bave  been  cured,  and  yet  it  mast  be  ac- 
knowledged that  at  the  meeting  of  the  Biitish  Association  at  Oxford 
in  1832  be  then  compared  a  scarlet  red  to  the  leavesof  trees,  proving  him 
to  be  as  color-blind  as  in  1792,  the  date  of  the  discovery  of  his  color- 
blindness, and  as  far  as  his  friends  could  observe  be  continaed  so  to 
tbe  end  of  his  life  (1844). 

The  history  of  science  tells  as  of  cases  of  persons  completely  blind  who 
can  easily  and  correctly  distinguish  wool  of  different  colors  by  means  of 
other  senses,  smell,  taste,  or  touch.  Tbe  power  of  touch  in  this  case 
deserves  especial  attention,  as  it  is  exactly  adapted  to  tbe  kind  of  quali- 
to  now  interesting  us.  The  close  connection  between  touch  and  sight 
in  determining  whether  an  object  is  smooth,  rough,  etc.,  is  well  known. 
Xbe  assistance  which  these  two  senses  render  each  other  in  a  gen- 
ual appreciation  of  everything  in  space  is  not  less  well  known. 
IbcBe  are  tbe  very  qualities,  beyond  any  doubt,  that  the  color-blind  call 
to  their  aid  to  snpply  tbe  place  of  colors.  Tbis  is  why  many  color-blind 
are  seen  placing  tbe  samples  of  wool  in  different  lights,  bringing  them 
qnite  close  to  tbe  eye  and  in  different  augles  to  the  visnal  axis.  Bat 
we  have  heard  many  color-blind,  wbo  knew  tbe  difference  between  red 
■od  green,  or  purple  and  green,  frankly  acknowledge  that  they  only 
neognized  them  because  one  colored  wool  was  coarser,  harsher,  or 
roDgber  than  tbe  other.  Consequently  it  is  not  the  color,  that  is,  tbe 
quality  of  the  redected  light,  bat  Cbe  coloring  matter  and  its  peculiar 
effects  upon  the  wool,  which  were  to  them  the  distingnishing  features. 
As  tbe  cesnlt  of  oar  investigation  we  can  state  tbatexercise  is  certainly 
not  withont  valae,  but  is  more  useful  in  other  respects  than  in  curing 
color-blindness,  oc  in  removing  the  causes  of  tbe  mistakes  made  by  the 
«^r-blind  with  regard  to  tbe  colors  of  signals.  We  maintain,  therefore, 
that  not  one  case  bas  been  suEQcieu  tly  established  to  prove  that  a  genniue 
«we  of  color-blindness  bas  ever  been  cured  by  exercise. 

Bat  it  in  no  wise  follows,  we  repeat,  that  we  deny  the  possibility  of 


168  C0L0B-BLINDNES8  IN  ITS  RELATION  TO 

improvement  id  cases  where  the  corresponding  organa  are  Dot  wasting, 
but  are  simply  deGcieot  in  sensibility.  Moreover,  we  are  very  much  in- 
debted to  Dr.  Favre  for  having  interested  bimsell'io  tbe  question  of  the 
treatment  of  congenital  color-bliodness,  and  also  for  having  undertaken 
the  work  of  applying  this  treatment.  If  this  idea  is  generally  admitted, 
it  will,  without  any  doubt,  produce  excellent  fruits,  among  others  that 
of  introducing  esaminations  into  schools,  so  that  color-blindness  will  be 
discovered  in  time  to  be  cured,  if  that  is  really  possible,  or  if  not,  that  its 
subjects  may  be  enabled  to  choose  a  career  in  which  their  infirmity  will 
not  be  attended  by  inconvenience  or  danger.  This  is,  moreover,  the  only 
means  by  which  we  can  reach  a  perfectly  decisive  answer  to  the  extremely 
important  question,  whether  or  to  what  degree  color-blindness  may  be 
improved  or  cured.  Bat  it  is  also  evident  that  the  more  important  the 
answer  to  this  question,  practically,  the  more  does  its  solution  require 
critical  methods  and  rigid  investigation  and  control  in  order  that  when 
the  answer  is  once  obtained  no  doubt  may  be  cast  upon  its  accuracy. 

On  the  other  hand,  we  oppose  in  the  most  positive  manner  every 
measure  relating  to  railway  ofBcials,  sailors,  etc.,  founded  npoa  the  idea 
of  the  curability  of  color-blindness,  until  this  question  has  been  perfectly 
established  by  an  affirmative  answer.  It  is  evident  that  otherwise  not 
only  is  tbe  danger  of  employing  the  color-blind  on  railways,  etc.,  not 
diminished,  but  also  that  the  introduction  of  a  radical  reform  in  this 
matter  is  impeded.  When  Dr.  Favre  requests  that  the  personnel  on 
railways  and  in  the  navy,  etc.,  be  exercised  in  distingnisbing  colors, 
this  demand,  favorably  received,  can  only  lead  to  the  admission  of  tbe 
color-blind  to  the  positions  in  question  ;  and  then  nnder  the  assaraace 
that  their  congenital  defect  may  be  cured,  they  are  watched  over  antil 
tbey  acquire  the  necessary  amount  of  training.  According  to  onr  opinion, 
such  a  measure  is  positively  dangerous,  because  it  merely  lulls  the 
authorities  with  tbe  belief  that  the  color-blind  can  cause  no  accident, 
while  in  reality  their  defect  is  exactly  where  it  was  before,  and,  owing 
to  the  exercise,  has  only  become  more  difficult  to  detect,  if  for  this  par- 
pose  a  defective  method  is  adopted.  From  this  point  of  view  it  is 
apparent  that  exercise,  far  from  removing  the  danger,  only  increases  it. 
It  may  be  auswered  indeed  that,  owing  to  exercise,  the  color-blind  will 
less  frequently  confound  the  signals  than  they  will  without  exercise,  sod 
this  we  willingly  grant.  But,  on  the  other  side,  it  is  evident  there  shoald 
be  no  question  here  of  an  alleviation,  but  of  a  radical  correction.  Tbe 
danger  of  employing  the  color-bliud  on  railways  or  at  sea  once  well 
established,  it  is  necessary,  it  Ecoms  to  us,  to  take  measures  for  com- 
pletely removing  the  danger,  if  possible.  If  comparative  security  can 
satisfy,  we  already  have  it,  cither  from  thefuct  that  all  tbe  officials  cannot 
be  colorblind,  or  that  the  majority  of  such  do  not  usually  cause  accidents. 
But  it  is  precisely  the  desire  to  save  the  communications  from  this  state 
of  uncertainty  that  has  inspired  us  with  the  idea  of  taking  measures 
against  it,  and  we  believe  that  we  have  proved  by  what  we  have  said  that 
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any  refonn  that  can  be  iDtroduced  at  present  in  this  mutter  should  be 
eetablisbed  just  as  if  it  were  already  decisively  proved  that  color-bliod- 
nesB  is  incnrabie.  It  is  therefore  this  hypothesis  that  we  intend  to  apply 
iD  what  follows. 

2.— MODIFICATION  OF  THE  SIGNAL  SYSTEM. 

(a)  Other  colon  for  siffnals, — If  congenital  color-blindness  is  incurable, 
or  at  least  if  ve  kuow  no  actual  remedy  for  it,  it  is  necessary  to  devise 
some  other  method  (while  retaining  the  color-blind  in  the  employment 
of  railways]  of  gaaranteeing  the  cummunicatioos  against  any  mistakes 
tbey  might  commit  with  regard  lo  i'ignals.  It  is  seen  by  what  precedes 
that  these  errors  can  and  mnst  occur  in  the  nse  of  the  signal  colors 
generally  aiopted,  red,  green  (and  yellow).  This  choice  seems  there- 
fore nnfortanate.  Wilson  Is  of  the  same  opinion.  When  red  and  green 
oolor-btiodoess  are  the  kinds  of  complete  or  typical  partial  blindness 
vfaich  are  most  generally  seen,  it  would  seem  that  the  difBcalty  might 
he  considerably  diminished,  if,  in  place  of  using  the  actual  colors,  those 
shonld  be  selected  best  suited  to  these  kinds  of  color-hlindnesa,  altbongh 
they  might  not  suit  the  third  kind  of  typical  partial  color-blindness  or 
violet-blindDess,  which,  according  to  the  experience  acquired  up  to  the 
present  time,  is  much  more  uncommou. 

Undoubtedly.theprinciplewehaveendeavoredtoestablisb  would  not  be 
TadicaI1yeDforced,but  the  practical  result  atleast  would  be  comparatively 
nearly  accomplished.  As  the  color-blind  has  but  two  principal  colors,  or 
tvo  classes  to  which  he  can  refer  all  the  colors,  it  isevident  that  to  select 
two  colors  that  he  can  recognize  and  distinguish  without  the  least  heaita- 
lioD,  it  would  be  necessary  to  select  one  from  each  class.  In  this  way,  it  is 
always  possible  to  bear  in  mind  that  each  kind  of  color-blindness  will 
always  be  able  to  find  two  colors  distinctly  defined, butnot  more  than  two. 
It  is  therefore  necessary  first  to  ask  how  far  two  colors  for  signals  coald 
fiatisfy  the  demands  of  railways  iind  the  navy.  As  regards  railways, 
it  is  claimed,  and  it  may  be  conceded,  that,  in  case  of  necessity,  and 
perhaps  without  too  great  inconvenience,  two  colors  might  be  made 
to  answer.  It  is  certain  that  three  colors  are  a  great  improvement 
npon  two.  Let  as  admit,  however,  that  two  colors  would  answer,  and 
that  it  were  desired  to  sacrifice  the  advantage  of  three  colors  for  an- 
other advantage,  namely,  that  of  retaining  in  the  service  of  railways  the 
colorblind,  there  will  still  remain  the  necessity  of  making  a  good  selec- 
tion of  these  two  colors.  This  is  more  easily  said  than  done.  The  choice 
mnst  be  so  made  that  one  color  may  be  selected  from  each  of  the  two 
gronps  in  which  all  the  colors  are  classed  according  to  the  system  for  the 
color-blind.  Now,  it  is  found,  as  we  have  already  seen  in  the  instances 
of  the  principal  colors  of  the  red  and  green  blind,  that,  amongst  the  seven 
colors  of  the  rainbow  perceptible  to  the  normal  observer,  fonr,  namely, 
red,  orange,  yellow,  and  green,  belong  to  one  class,  and  three,  especially 
blue,  indigo,  and  violet,  to  the  second.    Consequently,  one  of  the  colors 
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mtiBt  be  red,  orange,  yellow,  or  green,  aad  the  other  blue,  iodigo,  or  violet. 
It  Bbould  very  natarally  be  our  object  to  give  the  preference  in  the 
selection  to  the  colors  which  most  strongly  affect  the  eye  at  ttie  time  of 
the  comparison.  Kow,  the  most  intense  colors  of  the  spectrum,  that  is 
to  Bay,  the  most  vivid  colors  which  enter  into  the  white  light  of  the  sun, 
are  yellow  and  blue,  one  of  each  of  the  two  gronps.  We  then  select  them, 
the  more  willingly,  that  the  light  of  the  lantern  is,  without  any  prepara- 
tion, and  to  a  very  high  degree,  yellow,  thoneh  it  is  not  homogeoeons. 
But  we  are  far  from  being  so  fortunate  with  regard  to  bine.  We  here 
eacoanter  a  difficulty,  on  the  contrary,  which  induces  us  to  doubt 
whether  a  change  of  colors  will  accomplish  the  desired  end. 

On  all  colored  surfaces — flags,  paintings,  semaphores,  etc^-employed 
by  railways  to  reflect  daring  the  day  the  snniight  or  daylight,  the  pro- 
posed colors  answer  perfectly  without  any  doubt,  and,io  all  probability, no 
color-blind  individual  of  tbe  kinds  specified  would  nominally  make  mis- 
takes of  judgment.  But  the  nigbt-signals  are  quite  another  matter,  and 
are  by  far  more  important  for  many  reasons.  This  is  therefore  why  "we 
prefer  to  attach  here  so  much  importance  to  them,  as  during  tbe  day  a 
multitude  of  different  circumstances  might  give  warning  of  danger, 
while  during  the  nigbt  the  colored  light  is  the  only  signal  which  indi- 
cates it. 

The  colored  lights  used  for  night-signals  are  made,  as  all  know,  by  plac- 
ing colored  glass  before  the  flame  of  a  lantern.  The  use  of  Bengal  lights 
as  regular  signals  could  scarcely  be  introduced  into  practice.  Kow,  a 
colored  glass  produces  a  colored  light,  because,  of  all  tbe  kinds  of  light 
radiated  from  tbe  flame,  but  one  kind  (or,  at  least,  mainly  one  kind)  is 
allowed  to  escape,  while  all  the  others,  or  a  greater  part  of  tbe  others, 
are  absorbed  by  tbe  glass.  Thus,  bine  glass,  according  to  it»  thickness 
or  degree  of  coloring,  absorbs  all  the  other  kinds  of  light  emitted  by  tbe 
flame  of  the  lantern,  allowing  only  the  blue  rays  to  escape.  But,  un- 
fortunately, as  is  well  known  by  direct  experience,  the  flame  of  tbe  lan- 
tern emits  comparatively  but  a  small  amount  of  blue  light  when  rape- 
seed  oil  and  photogene,  or  generally  any  of  our  ordinary  sources  of 
artificial  light,  are  employed  ;  and  this  is  why  all  appear  yellow  or  red 
when  compared  with  tbe  light  of  day.  Under  such  circumstances,  blue 
glass  CHn  naturally  transmit  only  a  small  amount  of  blue  light ;  and  the 
light  of  a  blue  lantern  must  consequently  always  be  very  feebly  lami- 

What  we  have  just  said  of  blue  applies  equally  to  indigo  and  violet. 
Tbe  proposed  changes  of  the  colors  of  signals  furnishes,  therefore, 
but  two  colors  in  place  of  three;  and  then  one  is  a  very  feeble  lig^t, 
so  that  it  is  difficult  to  see  it  far  off  so  long  as  it  is  sufficiently  colored. 
This  state  of  things  scarcely  holds  out  much  inducemeut  to  introduce  a 
reform  of  this  nature.  And  it  seems  the  more  (Ipjigerous  that  this  change 
of  colors  in  the  signals  would  cause  those  with  normal  sight  amongst  the 
pertonnel  to  run  the  same  risk  that  the  really  color-blind  do;  I  mean  that 
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the;  woald  be  forced  to  distinguish  ami  judge  tbe  Digbt-signalB  alone 
bf  tbe  ioteDsitf  of  tbe  liglit. 

The  result  of  all  tbat  we  faave  just  said  \b,  it  seems  to  us,  that  tbe 
proposed  chaoge  of  the  signal  colors  is  not  very  practical,  and  sacb 
would  be  tbe  case  with  any  other  eboice  of  two  colors.  It  must  at  least  be 
conceded  tbat  the  aew  sigual  colors  would  be  to  every  nortnal  observer 
Torse  than  tbose  now  in  use  with  us,  as  with  nearly  all  nations;  in 
brief,  if  tbey  were  adopted,  it  would  diminish  tbe  public  safety.  We 
mast  add  that,  by  adopting  them,  tbe  principle  we  bave  explained 
is  not  taken  Into  consideration,  according  to  vhich  it  is  necessary  to 
use  A  system  of  signals  adapted  to  all  kinds  of  color-blindness,  since 
the  violet-bliud  are  not  able  to  distingnisb  between  yellow  and  blue. 
The  proposed  change  shonld  therefore  be  rejected,  it  seems  to  as,  on 
erery  practical  consideration. 

{i)  Cohrleat  light  and  darknesty  black  and  wkiie. — It  has  been  seen 
tbat  it  is  impossible  to  hope  for  colored  signals  suiting  every  cue, 
color-blind  or  Dot ;  it  becomes  necessary,  therefore,  to  try  to  devise  a 
plan  for  establishing  a  system  of  signals  independent  of  colors,  and 
based  upon  the  introduction  of  a  colorless  light  of  different  degrees  of 
iuteosity.  While  there  is  nothing  more  sensible  to  onr  sight  than  the 
relative  intensity  of  two  lights  placed  side  by  side  (when  the  absolnte 
intensity  does  not  exceed  certain  limits),  in  the  present  case  tbe 
only  comparison  involved  is  made  from  memory,  so  to  speak,  which 
is  equivalent  almost  to  an  appreciation  of  the  absolute  intensity 
of  light.  We  are  so  for  from  being  able  to  judge  of  this,  that,  in  spite 
of  a  deeply  felt  need  and  constant  efforts,  science  even  has  not  suc- 
ceeded in  discovering  suitable  measures  to  apply  to  it. 

It  is,  however,  neoessaiy  to  acknowledge  here  that  a  system  of  signals 
based  only  od  two  extremes  of  intensity  of  light,  namely,  on  light  and 
darkness,  white  and  black,  oagbt  to  soit  the  normal  observer  as  well  aa 
the  eolor-blind.  Moreover,  such  a  system  ought  to  satisfy  all  exigencies, 
provided  it  is  practically  applied,  and  tbat  two  signals  only  are  sufflcieat 
A  white  and  black  flag,  etc.,  would  fully  suffice  during  the  day ;  bnt 
snch  would  unfortonately  not  be  the  case  at  night,  for  a  black  light  ia 
a  contradiction  of  terms,  and  it  would  be  necessary,  conaeqnently,  ac- 
cording to  this  system  for  the  night,  when  signals  are  of  tbe  greatest 
importance,  to  be  limited  not  to  three,  but  to  one  signal  only,  nolesa  the 
absence  of  alt  signals  could  be  considered  as  one.  Here  it  might  be 
well  asked,  whether  the  better  system  is  uot  that  which  is  based  on  the 
alternations  of  darkness  and  light,  that  is,  movable  signals  or  eclipsed 
signal-lights.  As  far  as  we  know,  no  system  has  yet  been  discovered, 
based  upon  the  principles  alluded  to  above,  which  could  advantageously 
take  tbe  place  of  tbe  one  actually  in  use. 

(c)  Form,  movement,  number. — If  we  do  not  succeed  in  finding  a  suit- 
able system  of  signals,  based  on  the  differeocesof  the  quality  and  quan- 
tity of  light,  there  remains  bnt  to  appeal  to  some  arrangement  in  Bpace^ 
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if  absolutely  limited  to  tlie  visual  sense.  Many  different  ways  suggest 
themselves  of  varying  tbe  signals  by  form  and  arrangement  io  space: 
large  brilliant  surfaces  arranged  in  different  forms ;  several  small  lighta 
groaped  io  different  positions  with  reference  to  each  other;  lights  Blm< 
ply  disposed,  bat  differing  in  value  as  signals  according  totbeirnnmber, 
or  else  illuminated  figures  of  simple  colors,  and  produced  by  different 
movements,  and  soon.  A  practical  difficalty  seems,  to  be  connected 
with  such  a  system ;  the  signals  require  the  illuminated  surfaces  to  be 
large  enough,  or  placed  at  distances  considerable  enoagh  between  the 
luminous  points,  to  appear  distinctly  afar  off;  now  the  larger  such  a  fig- 
ure, having  the  outlines  marked  with  laminons  points,  the  greater  the 
risk  that  a  portion  of  it  bo  hidden  by  other  objects  intervening  between 
it  and  tbe  eye.  These  two  inconveniences  mnst  be  apparent,  particu- 
larly if  these  surfaces  and  illuminated  figures  have  to  t>G  placed  at  every 
point  where  colored  lanterns  are  found,  as  for  example  on  locomotives 
and  cars. 

If  the  system  of  signals  were  based  upon  form,  and  alt  persons  dis- 
charged from  the  service  of  railways  who,  in  consequence  of  an  imperfec- 
tion of  vision,  could  not  clearly  and  decidedly  distinguish  these  signals  at 
a  distance,  the  proportion  of  such  would  be  larger  than  that  of  tbe  color- 
blind. To  form  an  idea  of  the  different  capacities  of  the  normal  eye  in 
tbe  various  senses  just  mentioned,  we  will  recommend  a  very  simple  ex- 
periment. Take  something,  colored  i>aper,  for  example;  make  some  plain 
figures,  such  as  letters,  one  of  which  must  be  attached  vertically  to  a 
large  black  or  white  surface.  To  prevent  any  distraction  from  subject- 
ive influences,  let  some  one  else  select  and  attach  this  letter,  while  the 
observer  stands  at  such  a  distance  that  even  with  the  eye  directed 
toward  it  but  a  single  object  cau  be  seen.  If  the  letters  are  small,  it  is 
not  necessary  that  the  distance  should  be  very  great.  Then  if  the  sym- 
bol be  slowly  approached,  with  the  eye  fixed  on  the  colored  surface,  tbe 
following  observations  in  the  order  in  which  the  different  impressions 
SQCceed  each  other  will  be  made.  When  tbe  letter  is  first  perceived, 
neither  form  nor  color  c»n  be  distinguished ;  nothing  is  seen  but  a  point 
or  patch  darker  than  the  background,  if  that  be  white,  or  lighter,  if  it 
be  black.  The  first  attribute  remarked,  as  the  distance  diminishes,  is  its 
color.  When  the  color  is  very  distinct,  it  is  necessary  to  approach  con- 
siderably nearer  before  the  form  is  perceptible,  that  is  to  say,  before  this 
letter  can  be  read,  and  its  name  given.  This  simple  experiment  clearly 
shows  that  the  eye,  as  far  as  it  is  possible  tocompareitscapacitiesin  differ- 
ent directions,  is  first  sensible  to  the  relative  intensity  of  light,  then  to 
color,  and  fiually  to  form.  It  would  be  necessary,  of  course,  to  consider 
various  circumstances  relative  to  the  choice  of  color,  form,  etc.,  if  the 
experiment  should  be  made  with  exactness  to  serve  «s  a  basis  for  a 
scientific  demonstration.  It  would  appear  therefor^  that  a  system  of 
signals  based  on  the  power  of  distinguisbing  light  from  darkness  is  less 
suitable  than  the  one  now  in  use ;  not  only  because  ibis  is  based  upon 
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tiie  principle  of  tbe  differeoce  in  tbe  quality  oflight,  tliat  is  to  Bay,  on 
color,  bat  becanse,  in  tbe  upplication,  tbe  very  colors  have  l>eeD  choseu 
Tbich  iu  practice  are  tbe  best  adapted  to  tbe  object  in  view.  Expe- 
rieoce  also  seetoa  to  bave  deeided  iu  favor  of  tbis  Rystem,  since  in  spite 
oftbe  BnbstitDteH  proposed  witb  a  view  to  retaiu  tbe  color- blind,  it  has 
Dp  to  the  present  time  maintained  its  ascendency,  so  to  speak,  tbrongh- 
ont  the  entire  world. 

3. — DISMISSAL   OF  THE  COLOR-BLIND. 

It  DOW  remains  to  solve  the  quesHou  of  what  reform  is  preferable.  Is 
it  necessary,  in  onler  to  facilitate  the  free  admi»sioD  of  all  classes  of 
color-bliud  to  the  service  of  railways,  to  cbange  a  system  of  signals 
recognized  as  tbe  best  and  generally  accepted,  or,  cootinniog  tbe  system, 
to  discard  tbe  incompeteotf  It  is  manifest,  from  what  we  have  just  said, 
which  measure  is  most  coiiducive  to  (he  safety  of  railway  lines.  All 
depends  npoo  knowing  whether,  from  solicitude  for  the  color-blind,  any 
measores  tending  to  diminish  systematically  or  on  principle  this  security 
^onld  be  countenanced.  We  are  fortunately  accustomed  to  accepting 
tbe  maxim  that  private  interest  must  yield  to  tbe  general  welfure.  The 
proportion  of  color-blindness  in  the  population  of  a  country  is  relatively 
very  small.  It  is  true  tbat  railway  empIoyfSs  arc  not  made  for  signals, 
bat  the  signals  for  them ;  yet  it  is  no  Ie»js  certain  tbat  in  this  matter  the 
irat  consideration  must  be  the  public  good,  and  not  a  iwrsonnl  advan- 
tace.  It  is,  wifioat  doubt,  very  praiseworlby  to  desire  that  any  one 
afflicted  with  a  congenital  defect,  for  wbicb  bo  ia  not  res)>onsible,  should 
not  be  debarred  fromenteiingeverycareeropen  to  those  more  favored  by 
nature.  But  tbia  case  is  not  peculiar,  for  there  are  many  other  careers 
to  which  every  one  bas  not  access  for  want  of  the  natural  ability  requi- 
site for  tbe  efficient  discbarge  of  the  duty;  and  there  are  numbers  of 
persons  wbn,  in  conseqoence  of  some  natural  defect,  cannot  Ite  admitted 
into  even  the  most  common  occopations.  We  will,  therefore,  m.iintain 
the  position  that,  as  long  as  the  existing  system  of  signals  used  on  rail- 
vaysis  considered  in  almost  all  respects  the  best  known,  it  is  indis> 
pensable  that  no  one  incapable  of  rapidly  and  accurately  distinguishing 
red,  green,  and  yellow  should  be  allowed  to  fill  any  position  on  railways 
involving  any  connection  with  colored  signals. 

1V.-GENERAL  PRINCIPLES   AND    PLAN   OP   CONTROL   OF 
THE  CHROMATIC  SENSE. 

It  is,  of  coarse,  to  the  interest  of  railways  not  to  take  into  their  ser- 
vice  persons  having  any  degree  of  defect  in  their  chromatic  sense.  It 
■iDHt  be  acknowledged  tbat  in  several  posts  on  railways,  the  observation 
of  Mgnals  is  not  coudidered  nn  indispensable  requisite ;  but  as  it  is,  at  least, 
nnforlunate  to  have  an  emptoj^  who  can  not,  in  case  of  need,  attend  to 
the  BJgnata,  we  consider  this  reason  alone  as  quit«  sufficient.    For  no  one, 
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and  Btill  lesR  a  color-blind  individual,  could  be  reg:arded  as  bom  espe- 
cially for  a  railway  employ^.  Numeroaa  other  vocations  areopen  to  the 
color-blind,  althoagh  tbey  might,  on  account  of  thia  defect,  run  the  risk 
of  finding  themselves  excluded  from  many  occupations  where  color- 
blindness is  much  less  iujnrions  thau  to  railways.  Qence,  we  conclude 
that  the  decision  to  be  adopted  in  this  matter  must  be  comparatively 
very  stringent,  that  is  to  say,  that  a  relatively  alight  defect  of  the  chromaiie 
sense  must  suffice  to  prohibit  admission  to  the  service  of  railxcayt. 

The  question  is  quite  a  different  one  with  respect  to  those  already 
employed  on  railways,  and  other  points  must  be  weighed.  It  may  be 
necessary,  perhaps,  to  remove  them  from  a  position  which  suits  tbem, 
and  where  they  have  earned  a  livelihood,  and  performed  their  dnties  in 
the  most  irreproachable  and  decoroas  manner,  Jt  is  just,  therefore^  thtU 
tJui  least  severe  principles  he  applied,  and  their  personal  interests  as  much  as 
possible  considered  wUhout  violating  the  requirements  for  the  safety  of  the  Une. 

In  this  case,  no  one  should  be  dismissed  without  plausible  reasons, 
and  when  any  sach  exist,  the  employes  to  be  discharged  should  be  trea- 
ted with  as  much  consideration  as  iwssible,  and  receive  a  legitimate 
compensation  for  their  loss  by  the  offer  of  another  place  or  a  pension. 

In  order  to  secure  an  intelligent  supervision  and  control,  each  employ^ 
should  submit  to  a  rigorous  examination  of  the  chromatic  sense,  that 
there  might  not  be  the  slightest  donbt  as  to  the  nature  of  its  capacity. 
To  be  able  to  attain  this  end  in  a  perfectly  certain  and  at  the  same  time 
practical  manner,  while  creating  as  few  difficulties  as  possible,  is  with- 
.  out  doubt  the  most  dif&colt  part  of  the  reform  to  execute.  It  is  admit- 
ted as  a  fact  that  color- blind ness  may  manifest  itself  in  persons  formerly 
endowed  with  a  perfectly  normal  chromatic  sense.  This  is  what  is 
called  acquired  or  pnthologiciil  color-blindness,  only  lately  known,  and 
far  from  being  as  much  studied  as  the  congenital  defect.  It  would  be 
perhaps  more  suitable  for  our  practical  purpose  to  divide  pathological 
color-blindness  into  two  classes,  one  of  which  might  be  called  general  or 
regular,  and  the  other  local  or  irregular.  We  wilt  understand,  by  the 
first  term,  that  kind  of  pathological  blindness  due  to  general  causes,  and 
osually  concentrically  disclosed  about  the  yellow  spot;  and,  by  the  second, 
that  which  ia  produced  by  local  causes,  and  appears  eccentrically  placed 
in  the  visual  field,  or  having  its  center  in  the  blind  s[>ot.  This  last  class 
should  notbelongtothe  subdivision  now  occupying  us,  principally  because 
it  rarely  appears  in  such  a  degree  as  to  be  able  to  occasion  any  danger  to 
railways.  There  is  no  doubt  but  that  this  acquired bliuduess  really  exists. 
Dr.  Favre  and  several  other  writers  have  especially  devoted  themselves  to 
this  form  of  color-blindness  amongst  railway  employes;  they  have  pointed 
out  several  causes  to  which  it  is  due,  and  proposed  measures  for  discov- 
ering it.  It  is  of  the  highest  importance  here,  it  seems  to  ns,  that  per- 
fectly certain  methods  of  investigation  should  be  employed.  Dr.  Stilling 
jnstly  remarks  that  the  great  fk«qnency  of  congenital  oolor-blindnesa 
constitntes  one  of  the  principal  difflonlties  encountered  in  obtainiDg  u 
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■ccarate  knoirledge  of  pathological  blindoesfl.  It  is  also  plaiD  that  in 
cases  where  pathological  color- blindness  might  be  confonnded  with  con- 
genital blindneBs,  there  is  no  lueans  of  arriring  at  a  knowledge  of  its  trne 
Dfttore,  unless  in  an  iodividaal  who,  after  a  rigid  examination  pre- 
vjoQsly  made  by  a  tmstworthy  method,  had  been  fonnd  to  iiossess  a 
normal  sense  of  vision.  But  it  can  scarcely  be  admitted  that  there  have 
been  any  snch  cases  amongst  those  hitherto  cited.  Bnt  there  is  no  better 
way  of  definitely  solriog  this  question  than  by  systematically  organiz- 
ing observations  and  repeated  examinations  on  railways  where  all  tbo 
pmonnel  have  been  previously  examined.  On  this  point,  among  many 
others,  the  Interests  of  science  and  those  of  the  public  go  hand  in  hand. 

Within  the  last  few  years  safQciently  positive  information  has  been 
gathered  to  be  able  to  form  a  fixed  plan  for  enlarging  these  examinations. 
Dr.  Pavre  tells  us — according  to  his  experience  and  that  of  several  of 
hiB  oolleagnes — that  common  causes  of  color-blindness  are  contosionsj 
serions  Illnesses,  such  ae  typhoid  fever,  etc.,  and  the  abase  of  strong 
liqnors. 

After  every  accident  by  rail  or  at  sea,  from  collision,  etc.,  where  mis- 
takesin  distinguishing  colors  have  been  the  principal  or  secondary  causes, 
not  only  the  pertonnet  present  at  the  time  of  the  accident,  hut  also  all 
who  have  to  give  testimony  abont  the  signals,  sbnnld  be  subjected  to  a 
rigoroQB  examination.  The  necessity  of  this  measare  mast  be  evident 
from  what  has  been  said  before.  Itiaabanrd  to  condemn  anyone  because 
Borae  one  who  is  blind  soys  he  has  seen  him  violate  the  law,  or  to  excnl- 
patehim  because  the  blind  person  has^ffnhim  fulfill  this  law.  To  solve 
the  problems  involved,  it  is  necesenry  to  make  periodic  examinations, 
I«t,  of  every  one  who  has  a  chromatic  sense  already  acknowledged  as 
defective;  2d,of  nil  who  have  had  cootnsioua,  etc. ;  nnd,  3d,  of  the  whole 
penonnel,  to  discover  any  color-blindness  that  may  have  arisen  without 
apparent  cause.  The  result  of  all  that  has  been  said  is,  that  it  is  abso- 
iotely  necessary  that  the  directors  and  principals  should  he  perfectly 
familiar  with  the  nature  of  the  chromatic  sense  of  each  one  of  their 
sobordinates. 

v.— SHORT   CRITICISM   OP  THE  USUAL  METHODS  OF 
INVESTIGATION. 

Our  exposition  of  color-blindness  has  shown,  we  hope,  that,  in  spite 
of  its  wide  divergence  from  the  normal  chromatic  eense,  it  is  not  so 
easily  discovered  as  one  might  imagine;  quite  the  contrary.  Just  iu 
proportion  to  the  increase  of  our  knowledge  of  color-blindness  and  the 
peculiarities  of  its  subjects  have  we  been  led  to  establish  different 
methods  for  its  discovery.  Several  already  exist,  which  differ  from  each 
other  in  the  very  principle  upon  which  they  rest  or  in  the  application 
of  this  principle. 

Supposing  the  nsnal  signal-lights  be  presented,  one  after  the  other, 
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to  the  person  examioed,  he  being  required  to  name  the  colors  or  their 
Tulaeas  signals,  bis  chromatic  sense  conld  not  be  judged  b;  his  answer. 
For  we  have  seen,  on  one  side,  that  the  color-blind  can  gaesa  correctly 
in  snch  cases,  and,  on  the  other  hand,  it  is  scarcely  necessary  to  sny  that 
the  normal  observer  might  make  a  mistake  in  the  name,  either  from  negli- 
gence, tbrongb  inattention,  or  simply  by  a  lapgta  linguoi.  How  many 
times,  then,  mast  the  trial  be  repeated  to  secure  positive  results  t  How 
often  mnst  the  individaal  make  mistakes  to  be  considered  color-blind ! 
How  many  times  may  be  make  them  without  being  considered  color- 
blindl  Evidently  there  is  no  categorical  answer  to  these  questions.  We 
are  therefore  anthonzed  to  conclude  that  the  examination  by  means  of 
rail  way -lanterns,  for  discovering  color-blindness,  must  be  considered  for 
several  essential  reasons  as  an  impracticable  method,  and  consequently 
to  be  rejected.  The  use  of  flags,  for  the  same  purpose,  is  still  worse. 
A  general  principle,  applying  to  every  ezuminatioo  of  the  chromatic 
sense,  is  that  such  examination  should  not  at  lirst  endeavor  to  trace  the 
connection  of  the  chromatic  sense  with  signals  of  any  kind  whatsoever, 
but  have  in  view  only  the  discovery  as  to  whether  the  subject  w  or  u 
not  eoior-blind,  or  whether  the  chromatic  scnte  it  defective  or  normal 
While  none  of  the  various  methods  proposed  can  be  condemned  as  ab- 
solntely  barren,  there  are  several  which,  nsed  alone,  never  give  positive 
results,  or  give  them  only  in  a  limited  number  of  cases,  or  else  caase 
BO  great  a  loss  of  time,  and  are  so  inconvenient,  that  they  ongbt  to  be 
rejected  from  this  consideration  alone.  We  class  atnoagst  these  methods 
all  those  which,  as  in  the  examination  by  meaus  of  the  lautem.  have  a 
tendency,  in  principle,  to  place  before  the  one  to  be  examined  different 
colors  or  colored  objects  to  be  named  by  him.  The  real  question  is  not 
to  discover  the  degree  of  skill  comparatively  attained  by  each  one  in 
correctly  naming  the  colors,  but  the  umuner  in  which  he  sees  them,  or, 
in  other  words,  the  nature  of  his  chromatic  senee.  Any  method  fulfill- 
log  this  reqairemeut  must,  in  principle,  be  based  upon  the  cotnpariton 
between  differeut  colors,  aud  an  iuvetitigatioa  into  the  causes  of  the  con- 
fusion of  the  color-blind  about  several  of  them. 

An  example  will  more  clearly  illustrate  our  idea  and  show  its  impor- 
tance. Let  us  take  a  green-blind  individual ;  we  know  by  experience 
that  ho  confuses  or  finds  a  perfect  resemblance  between  the  shades  of 
three  colors  very  different  to  the  uormul  e,ye.  I  allude  topurple,  green, 
and  gray.  The  reason  of  this  is  very  simple  according  to  the  theory; 
the  green-blind  is  void  of  the  organ  for|>erceiviug  green.  Purple,  fn'een, 
and  gray  are,  in  reality,  the  same  color  to  the  eye  of  the  green-blind, 
but  he  has  heard  three  names  giveu  to  these  colors  under  different  cir- 
cumstances. The  result  of  this  will  be  that  he  will  In  bis  turn  designate 
this  color  sometimes  by  one  and  sometimes  by  another  of  these  names, 
or  else  he  will  only  use  one,  especially  the  one  he  first  remarked  or  heard 
most  frequently  applied  to  this  color.  If  the  subject  nse  all  three  names, 
he  will  apply  them  correctly  in  some  instances  and  incorrectly  in  others. 
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Bnt  if  be  employ  a  single  name,  it  might  in  n  ooDsequeat  maoDer  bo, 
BOcordiDg  to  thecaee^purple  (improperly  called  red), preen,  or  gray.  Snp- 
posiDg  that  he  uses  "  green,"  according  to  the  deDominating  method,  his 
chromatic  sense  will  he  judged  as  imiwrfect  tov  purple  and  for  gray,  hut 
as  correct  for  green. 

From  onr  poiat  of  view,  therefore,  Dr.  Favre's  method  does  not  seem 
satisfactory.  Besides,  not  appearing  to  as  certain,  and  notsapplying 
as  vitb  any  hasis  f<Mr  a  useful  classification,  it  requires  more  time  than 
isespedient;  nererthe1es8,tbi8principle  seems asnally  applied  in  France 
and  England. 

Dr.  Stilling8*s  method  is  also  founded  apon  the  designation  of  colors, 
nod,  if  for  no  other  reason,  it  sbonid,  we  think,  be  condemned.  This 
method  is  based  upon  the  principle  of  colored  shadows.  Before  a  bril- 
liant light  in  a  dark  room  n  colored  glass  is  held,  so  that  the  light,  pass- 
ing through  the  glass,  and  iti  consequence  colored  by  absorption,  strikes 
a  vbite  anrfiiee,  a  sheet  of  paper  for  instance,  at  ri^t  angles.  In  the 
neighborhood  of  this  sheet,  and  between  it  and  the  glass,  n  slender 
and  opaque  object,  n  pencil,  say,  is  held  in  snch  a  manner  that  its 
shadow  distinctly  falls  upon  the  paper.  This  shadow  then  seems  tinted 
with  the  complementary  color  of  the  glass,  that  is  to  say,  it  shows  the 
different  shades  of  pnrple  or  red  if  the  glass  is  green ;  green  or  blue- 
green  if  the  glass  is  red,  etc-,  in  accordance  with  the  Toung-Eelmboltz 
theory.  According  to  Dr.  Stilling,  the  color-blind  will  be  recognized  by 
the  fact  tliat  the  shadow  in  question  appears  to  him  nncolored,  black 
or  gray,  wbile  to  tfae  normal  observer  it  assnmes  the  contrasted  color,  and 
the  diagnosis  is  established  according  to  the  nam^  applied  to  tbe  colors 
of  the  shadows  by  the  color-blind.  It  must  be  evident  that  his  method 
deserves  very  little  confidence,  and  that  it  simply  depends  npona  chance, 
whether  after  snch  a  proof  a  normal  observer  may  not  be  declared 
color-blind.  Besides,  as  the  judgment  is  based  upon  the  name  given  to 
the  colored  shadow  by  the  subject  examined,  it  may  readily  happen 
idso  that  a  color-blind  person  may  be  declared  to  have  normal  stght,  if, 
as  is  often  the  case,  be  gness  the  true  name  of  the  color.  Briefly,  then, 
this  method  is  not  sure  under  this  form.  This  judgment  is  not  founded 
merely  npon  tbecHretic  reasons,  but  also  upon  a  large  number  of  direct 
experiments,  and  is  also  confirmed  by  the  examples  cited  by  Dr.  Stil- 
Hog  himself. 

It  does  not,  however,  follow  that  colored  shadows  may  not  be  used  in 
tile  ezaminatioD  of  the  chromatic  sense,  if  so  arranged  that  the  exam- 
iner can  perfectly  regalate  the  light  according  to  his  pleasure.  Accord- 
ing to  my  method,  with  mirrors  and  two  lights,  a  <»mpari»on  between 
two  colors  may  be  established.  The  green-blind  here  finds,  as  elsewhere, 
a  resemblance  between  a  certain  shade  of  green  and  purple,  etc  As 
by  this  method  the  intensity  of  tbe  light  may  be  exactly  regulated,  the 
feeble  perception  may  also  be  relatively  determined.  Tbe  experiment 
we  have  made  about  this  declares  in  favor  of  tbe  Young- Helmholtz 
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theory,  bat  it  bas  besides  convinced  ns  tbat  the  colored  shadows  are 
not  saitable  for  the  discovery  id  the  first  instance  of  color-blindness. 
This  is  the  same  case  with  Bagoua  Sciua'a  method  of  representing  com- 
plementary colors;  and  also,  that  of  Bose,  which,  practically,  strongly 
resembles  the  preceding. 

After  having  named  the  processes  which,  according  to  oar  convic- 
tiODs,  are  not  saitable  for  the  end  in  view,  we  most  mention  two  other 
methods  which  thoroughly  supply  as  with  the  information  wanted. 
One  Is  due  to  Seebeck ;  the  other  to  Maxwell.  They  are  both  founded 
on  the  comparison  of  colors,  and  do  not  assume  either  aoy  knowledge 
or  any  use  of  the  names  of  colors,  which  la,  we  think,  an  essential 
advantage. 

Maxwell's  method  consists  in  representing  two  colors  on  a  rotatory  disk, 
to  be  compared  by  the  person  under  examioation,  the  tints,  degree  of 
"saturation,"  and  intensity  of  light  of  which  may  be  changed  at  will. 
They  can  be  modified,  nntil,  to  the  color-blind,  they  attain  an  absolute 
resemblance.  The  chromatic  sense  is  then  judged  by  its  dissimilarity  to 
that  of  the  normal  eye.  It  is  in  this  that  the  force  and  accuracy  of  the 
method  consist.  It  shows  us  with  certainty  how  the  subject  sees  the 
colors  as  compared  with  each  other.  The  Youug-Helmholtz  theory  is 
confirmed  by  Maxwell's  method,  as  this  shows  us  that,  by  the  aid  of 
ouly  two  primitive  colors,  we  can  exhaust  the  whole  chromatic  scale  oC 
the  color-blind. 

Seebeck's  method  consists  in  making  the  iudividual  to  be  examined 
classify  a  number  of  colored  objects  according  to  their  reciprocal  reaem. 
blance  or  dissimilarity.  In  this  way,  we  hare  at  once  a  complete  picture 
of  the  person's  chromatic  sense.  We  learn  what  colors  he  distinguishes 
and  which  he  confouada  By  this  method,  also,  we  can  know  bow  he 
sees  colors  in  their  relations  to  each  other.  But,  althongh  these  two 
methods  are per/ecHy  reliable,  they  are  not  entirely  suitable  for  a  practi- 
cal purpose,  because  they  require  much  time  and  are  very  inconvenient, — 
that  of  Maxwell  for  the  examiner  and  that  of  Seebeck  for  the  examined. 
He  who  has  examined  a  large  number  of  color-blind  by  Maxwell's 
method  knows  only  too  well  how  much  time  this  investigation  consumes, 
in  however  incomplete  a  manner  it  ia  made.  This  arisea  from  the  extreme 
afTectation  of  precision  by  the  color-blind.  It  is  not  difBcult  for  one 
with  normal  sight  to  point  out  two  similar  colors  on  the  rotatory 
disk,  because  tbe  essential  point  is  the  resemblance  in  the  tint  of  the 
color.  But  the  color-blind  person  who  cannot  perceive  this  tint  re- 
quires a  complete  resemblance  in  tbe  intensity  of  light  or  in  tbe  degree 
of  "saturation,"  and  in  this  lies  the  difficulty.  Eis  appreciation  often 
depends  upon  the  addition  of  a  minimum  of  white  or  black,  which  is  to 
him  of  the  greatest  importance,  although  the  normal  observer  cannot  per- 
ceive any  difference.  We  may  add  tbat  the  method  is  very  fatiguing 
and  inconvenient  to  the  examiner,  on  account  of  the  continual  changes 
made  in  tbe  colors,  and  the  incessant  work  that  the  rotation  of  tbe 
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•ppanttns  neceseitatea.  Finally,  if  we  state  that  the  apparatna  is  some- 
what  espenslTe,  and  is  comparatively  difBcalt  to  traosport,  it  will  safflce, 
it  seems  to  na,  to  condemn  ita  ase  as  a  metfaod  of  tfae  first  order  when  it 
ie  rfqnired  to  make  tbe  examinaUon  on  a  multitnde. 

The  method  of  Seebeck  caaaes  macb  loss  of  time  by  obligiog  those 
examined  to  classify  a  large  number  of  colored  objects.  This  i»  not  an 
easy  task  for  them.  It  not  only  progresses  very  slowly,  reqairing  per- 
baps  an  hoar,  bat  costs  macb  trouble  and  evident  effort.  One  may 
obtain  a  tolerably  clear  idea  of  this  by  attempting  to  do  tbe  same  work 
with  the  use  of  bine-green  eyeglasses.  The  colors  are  then  seen  and 
elassiSed  very  nearly  as  they  are  by  the  red-blind,  and  almost  the  same 
difflcalty  is  experienced.  Seebeck's  method,  however,  is  superior  to 
Maxwell's  in  this,  that  it  reqoires  tbe  subject  to  make  an  active  use  of 
his  chromatic  sense,  while  the  other  allows  him  to  remain  passive,  and 
merely  announce  his  decision.  Both  methods,  however,  reqoire  too 
much  time  td  be  employed  with  advantage  for  the  purpose  in  qaestion. 
Bat  they  are  the  best  methods  known  to  ns  at  present. 

The  perimetric  exploration  with  Fdreter'a  apparatus  may  be  excellent 
in  more  than  one  case  for  examining  those  before  examined,  bnt  it  is 
not  advisable  alone  and  as  a  primitive  method.  It  is  even  inapplicable 
to  some  persons;  it  entails  much  loss  of  time,  reqoires  macb  exertion  on 
the  part  of  the  one  examined,  and  requires  an  expensive  instrument, 
which  is  besides  very  inconvenient  for  transportation. 

It  may  be  very  interesting  scientifically  to  use  the  ^ectrnm  for  exam- 
ining  the  color-blind;  bat  this  method  is  not  very  appropriate  for 
pnictical  purposes ;  it  requires  costly  apparatus,  and  different  arrange- 
neats,  which  render  It  more  or  less  long  and  inconvenient.  It  does  not 
enter  into  our  plan  to  give  an  account  here  of  all  the  known  methods 
that  may  be  used  in  the  first  inspection,  or  when  desired  to  establish  a 
test  for  examination.  We  shall  limit  ourselves  to  the  examples  cited, 
and  to  explain  in  a  special  chapter  tfae  method  we  have  ourselves  used, 
and  which  of  all  tried  seems  to  us  best  adapted  to  the  purpose. 

VI.— NEW  PRACTICAL    METHOD    FOR  DISCOVERING  AND 
DETERMINING  DEFECTS  OF  THE  CHROMATIC  SENSE. 

The  method  we  are  going  to  describe  here  has  been  employed  in  all 
tbe  examinations  of  the  chromatic  sense  of  the  different  classes  of  the 
population  which  have  t>eeu  made  in  Sweden, 

1.— A  8HOBT  SKETCH  OF  THE  GBKERAI,  PRINCIPLES  OF  THE  METHOD. 

Theoretically,  our  method  most  resembles  those  of  Seebeck  and  Max- 
well, as  it  is  based  upon  a  comparison  between  different  colors.  It  there- 
fore first  seeks  to  discover  tbe  chromatic  perception  of  the  subject,  disre- 
garding tfae  names  he  gives  to  the  colors,  as  generally  it  is  not  neces- 
sary he  should  designate  the  names.    Onr  method  resembles  Seebeck's 
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most  iD  tbJB,  tbat  it  does  not  require  a  special  i^iparatas  for  preparing  the 
oecesaary  tints  for  the  examioation ;  it  assumes  there  will  be  a  aopply  of 
objects  of  different  colors  provided  iu  advance.  It  agrees  agaiu  with  this 
method  in  not  allowing,  aa  Maxwell's  does,  the  person  examined  to  remain 
passive,  and  simpl;  give  his  opinioD  of  the  resemblance  or  dissimilarity 
of  the  shades  indicated,  but  requires  him  to  discriminate  and  select  the 
shades,  and  in  consequence  reveal  by  an  act  the  nature  of  his  chromatic 
sense.  Bac  practically  oar  method  differs  essentially  from  Seebeck's. 
His  certaialy  gives,  in  a  certain  sense,  more  complete  results  than  oars 
by  requiring  the  subject  to  thoroughly  classify,  in  accordance  with  their 
reciprocal  resemblaoces  and  dissimilarities,  the  various  differently  col- 
ored objects  placed  before  him.  A  complete  table  of  bis  whole  system 
of  colors  is  the  resalt  of  this.  Our  method,  on  the  contrary,  requires  the 
person  examined  to  select,  amongst  a  large  number  of  variously  colored 
objects,  those  alone  which  resemble  the  sample  shown  him  by  the  ex- 
aminer. The  difference  is  evident  Seebeok's  method  is,  without  soy 
doubt,  preferable  when  the  nature  of  the  color-blindness  io  the  aggregate 
is  to  be  considered ;  tbat  is,  so  long  as  this  is  yet  unknown.  His  method 
then  gives  a  more  complete  idea  than  ours  of  the  nature  of  the  color-blind- 
ness. Bat  for  our  actual  purpose,  the  main  question  is  to  discover  a 
defect,with  the  entire  nature  of  which  we  are  acquainted  in  advance. 
Our  practical  mission  then  is  evidently  to  discover,  if  possible,  some  cer- 
tain sign  which  will  enable  us  to  accomplish  this  end  by  the  shortest  pos- 
sible route.  If  a  single  proof  which  would  detect  the  color-blind  as 
certainly  as  if  he  revealed  to  ns  his  entire  system  of  colors  were  discovered, 
this  would  undoubtedly  be  the  method  preferred  to  any  other,  as  it  wonld 
accomplish  the  object  much  more  quickly  and  easily.  This  is  the  case 
with  our  method.  We  are  far  from  denying,  in  general,  the  volne  of  a 
tborongb  examination,  but  we  will  say  that  it  turn/  aometimes  be  saper- 
fluons.  Its  practical  advantage  will  not  be  very  great,  if  at  the  cost  of 
a  great  loss  of  time,  and  it  may  even  be  prejudicial,  if,  uuder  a  moltitade 
of  details,  it  conceal  what  is  essential;  in  a  word,  prevents  onr  "seeing 
the  city  on  account  of  the  houses."  AD  this  may  bo  applied  to  Seebeck's 
method,  when  the  object  in  view  is  the  one  of  which  we  are  in 
pursuit  Our  method  again  endeavors  to  seize  as  rapidly  as  poB«ble 
one  or  two  essential  characteristics  while  neglecting  all  the  others.  A 
single  caudal  feather  of  the  peacock  reveals  whence  it  came;  a  single 
flower  or  fhiit,  the  plant  whence  it  was  plucked ;  and  the  genns  man  is 
recognized  if  we  can  but  see  a  face.  It  is  only  when  the  face  is  muti- 
lated, the  dowers,  fmits,  and  caudal  feather  are  defective,  tbat  in  certain 
cases  it  is  necessary  to  have  reconrse  to  other  characteristics.  Our 
method  rests  upon  these  principles;  it  also  offers  the  same  security  as 
Seebeck's.  Bat,  as  regards  the  time  necessary  to  accomplish  the  exami- 
nation, it  bears  nearly  the  same  relation  to  tbat  of  the  learned  German, 
tbat  a  minat«  does  to  an  hour.  This  may  seem  a  very  trifling  matter 
at  the  first  glance,  bnt  is  in  reality  of  immense  practical  importance 
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when  11  inaltitaile  of  persons  are  to  besacoeaeiTely  examiDod.  A  simple 
etlcnlfltiou  sbows  ns  ia  fact  that  an  ezflmlDation  requiriog  one  doy  by 
oar  meUiod  woald  require  two  months  by  Seebeok's. 

It  is  bat  jasC  to  aoknowledge  that  it  was  only  by  weighing  the  results 
obtained  by  Seebeok's  method  and  following  the  Yonng-Helmholtz 
theory,  na  well  as  the  principles  we  have  indicated  as  indispensable  to 
a  practical  method,  that  we  have  succeeded  in  formnlating  onr  own 
method,  snch  as  we  shall  explain  It  iu  what  follows.  We  also  will  re- 
mark that  it  is  very  simple  and  easily  mastered ;  but  we  think  this  is 
likewise  often  tbe  case  with  all  that  is  useful  and  practical,  and  that 
duplicity  offers  great  advantages.  We  prefer  this  method  because  it 
seems  to  ns  more  than  any  other  to  fulfill  the  conditions  we  have 
pointed  oat  as  necessary  to  a  practical  method,  namely,  certainty,  rapid- 
ity, and  eoDTeoieoce.  Tbe  only  inconvenience  of  any  moment  besides 
those  it  has  in  common  with  a  greater  part  of  the  others  is  that  it  re- 
qnires  daylight  It  can  undoubtedly  be  used  by  artificial  light  (elec- 
trical and  calcium  lights,  and  certain  arrangements  of  lamp-lights  with 
tilae  glass),  but  this  causes  much  loss  of  time. 

After  this  rapid  sketch  of  the  general  principles  of  the  method,  we 
Till  proceed  to  give  its  details,  and  shall  uot  foil  to  mention  generally 
tbe  reasons  why,  amongst  several  possibilities,  we  have  selected  this  or 
chat  process. 

2.— THE  MATKBIAL  AND  ITS  ABBANOEIfENT. 

Our  method  demands  neither  costly  apparatus  nor  a  special  place  for 
the  examination.  The  only  necessary  elements  ore  a  number  of  variously 
colored  objects.  It  coneiats  iu  taking  one  from  a  number  of  oljects  pro- 
miscaonsly  thrown  together,  and  asking  tbe  person  examined  to  select 
tnm  amongst  them  all  the  others  corresponding  with  the  ^''st  in  color. 
With  regard  to  the  colored  objects,  it  of  course  matters  little  in  principle 
what  their  nature  Is,  aa,  in  the  main,  the  method  never  changes,  no  mat- 
ter what  the  kind  selected.  Bat,  practically,  the  choice  is  by  uo  means 
a  matter  of  indifference.  Among  the  ordinary  objects  suggested,  and 
also  used  for  the  purpose,  are  pieces  of  colored  paper,  glass,  or  silk, 
or  Berlin  wool,  etc.,  tbe  last  of  which  seems  to  us  the  best,  for  the 
following  reasons:  One  of  the  chief  advantages  of  Berlin  wool  is,  that 
It  can  be  procured  in  all  x>ossible  colors  corresponding  to  those  of  the 
spectrum,  and  each  in  all  its  shades,  from  the  darkest  to  tbe  lightest. 
Snch  selections  may  be  found  in  trade,  and  are  easily  procured  when  and 
where  desired.  It  can  be  used  at  once,  and  without  any  preparation 
for  tbe  examination,  just  as  delivered  from  the  factory.  A  skein  of 
Berlin  wool  is  eqaally  colored,  not  only  on  one  or  two  sides,  but  on  all, 
and  is  easily  detected  in  tbe  package,  even  though  there  be  but  one 
thread  of  it.  Berlin  wool  is  not  too  strongly  glaring,  and  is,  moreover,  soft 
and  manageable,  and  can  be  handled,  packed,  and  transported  as  desired, 
without  damage,  and  is  conveniently  ready  for  use  wherever  needed. 
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These  ndrantages  are  waotiog  in  tbo  other  colored  objects  saggested 
for  use.  Colored  puper  or  silk  ma;  be  nsed  wbea  light  or  dark,  dnll  or 
bright  colorBare  waoted;  but  they  both  have  these  iDcoDvemeocea,  they 
must  first  be  cat  iiito  suitable  pieces,  and  they  are  tronblesome  to  handle ; 
moreover,  they  are  easily  concealed  from  view,  nod  it  is  necessary  to 
stretch  them  carefully  on  a  large  surface  to  enable  them  to  be  seen 
withoDt  trouble.  They  are  often  glaring  ;  they  reflect,  besides  their 
particular  kinds  of  light,  a  quantity  of  white  light,  which  is  a  promi- 
nent defect,  as  it  misleads  the  color-blind,  who,  as  we  know,jadgeof 
colors  by  the  intensity  of  light,  that  is,  the  qnantity  of  light,  and  be 
conseqnently  estimates  differently  the  color  of  a  brilliant  surface,  ac- 
cording to  the  position  in  which  it  is  found  with  regard  to  the  eye,  etc 
The  paper  is  often  colored  on  only  one  side,  and  this  gives  rise  to  much 
trouble,  as  it  is  necessary  to  turn  the  pieces  from  one  side  to  the  other 
to  see  them  in  their  true  colors.  Finally,  from  being  so  much  handled, 
the  pieces  of  paper  or  silk  soon  become  tombled  and  faded. 

Colored  glass,  which  must  be  in  pieces,  is  not  suitable  either,  from 
the  fact  that  it  is  difficult  to  procure  it  in  safflciently  great  variety.  It 
is  besides  troublesome  to  transport,  easily  broken,  and  finally  inconve- 
nient for  using,  because  necessary  to  be  held  against  the  light  of  day,  or 
a  Inmioons  source,  in  order  that  the  color  may  be  seen.  The  advan- 
tage ot  being  able  to  use  them  by  any  kind  of  light  does  not  counterbal- 
ance their  iucoureniences. 

Although  these  are  not  all  the  objections,  the  preceding  will  suffice 
to  prove  the  advantages  of  Berlin  wool.  Ait  this  applies  equally  well 
to  wafers,  powders,  colored  solutions,  spools  of  colored  thread,  pieces  of 
wood,  and  porcelain,  especially  paintod  for  the  purpose,  etc.;  they  can 
all  be  and  have  been  employed,  but  noi>e  of  these  objects  are,  in  every 
respect,  so  well  suited  to  our  purpose  as  Berlin  wool. 

A  selection  of  Berlin  wool  is  then  made,  including  red,  orange,  yel- 
low, yellow-green,  pure  green,  blue-green,  blue,  violet,  purple,  pink, 
brown,  gray,  several  shades  of  each  color,  and  at  least  five  gradations 
of  each  tint,  from  the  deepest  to  the  lightest.  Green  and  gray,  several 
kinds  each,  of  pink,  blue,  and  violet,  and  the  pale  gray  shades  of  brown, 
yellow,  red,  and  pink,  must  especially  be  well  represented.  The  choice  of 
the  material  does  not  belong  specially  to  our  method.  In  fact,  Seebeck 
snggested  the  use  of  Berlin  wool,  which  was  employed  by  his  advice  and 
still  is  at  present  To  us  only  bt^longs  the  credit  of  originating  the  man- 
ner in  which  it  is  employed.  According  to  our  method,  the  examiner 
selects  from  the  collection  of  Berlin  wool  iu  a  pile  od  a  convenient  table, 
and  lays  aside  a  skein  of  the  esi>ecial  color  desired  for  this  examination ; 
then  he  requires  the  one  examined  toselect  the  other  skeins  most  closely 
resembling  the  color  of  the  sample,  and  to  place  them  by  its  side.  The 
chromatic  sense  of  the  Individnal  is  decided  by  the  manner  in  which  be 
performs  this  task.  The  rapidity  with  which  this  examination  is  made 
does  not  seem  to  directly  correspond  with  the  natore  of  the  chromatic 
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seose,  bat  to  depend  floally  apon  the  character  of  the  person  examioed. 
One  of  intelligence,  with  a  qolck,  practical  mind,  ie  examined  in  less 
than  a  minute.  In  this  time,  in  fact,  a  normal  eye  conid  easily  find  the 
foor  or  five  skeina  of  the  same  color  as  the  sample,  and  the  color-blind 
make  a  sofBcient  number  of  cbaracteristio  mistakes  to  tliorongbly 
establish  the  diagnosis.  It  is  clear  that  a  method  such  as  ours  affords 
the  opportunity  in  connection  vith  the  investigation  of  the  chromatic 
WDBe  of  learning  mnch  of  all  the  pecnliaritiea  relating  to  the  use  of 
onr  senses.  This  is  why  we  maintain  the  principle  that  it  is  nec- 
essary to  leave  to  the  activity  of  the  hands  the  task  of  revealing  the 
natnre  of  the  seosations,  and  to  have  reconrse  to  the  tongne  only  for 
Teriflcation  when  there  is  need  of  more  information.  The  combina- 
tion of  the  action  of  the  eye  and  hands,  which  plays  in  general  ao 
important  a  part  in  the  training  and  nse  of  the  senses,  is  also  of 
great  consequence  in  this  examination.  An  attentive  examiner,  espe- 
ddly  if  he  have  already  acquired  some  experience,  can  draw  im- 
portant conclnsioDS  from  the  manner  hi  which  the  other  executes 
his  task,  not  only  and  directly  with  regard  to  the  nature  of  his  chro- 
matic sense,  but  generally  as  to  his  intelligence  and  character,  and 
especially  in  some  cases  as  to  his  previona  training  and  exercise  in  the 
ose  of  colors,  and  his  skill  in  recogoiziog  them.  The  examination 
affords  os  also  tbe  opportanity  of  making  psychological  observations, 
which  coutribnte  in  a  great  measure  in  giving  ns  a  clear  idea  of  the 
nature  of  the  chromatic  sense.  A  practiced  examiner  can  often  detect 
color-bliDdness  by  the  first  gesture,  and  make  his  diagnosis  before  the 
end  of  the  trial.  He  can,  according  to  the  manner  in  which  the  task  is 
performed,  form  a  judgment  of  a  feeble  chromatic  sense  in  instances  which 
are  proved  oorrectby  the  final  result.  He  also  can  and  must  see  whether 
the  result  is  erroneous  simply  on  account  of  a  misunderstanding  or  a 
want  of  intelligence,  jast  as  he  can  see  whether  the  really  color-blind 
succeeds,  in  a  certain  degree,  from  much  previoas  exercise  or  a  consid- 
erable amount  of  caution.  In  short,  the  method  supplies  ns  with  all 
necoasary  information,  so  that  by  an  examination  made  with  its  assist- 
ance, a  defective  chromatic  sense,  no  matter  of  what  kind  or  in  what 
degree,  cannot  escaiie  observation.  As  wo  have  already  said,  the  prin- 
ciple of  our  method  is  that  the  test  is  confined  to  one  color. 

Tbe  faculty  [wssessed  by  the  eye  of  distinguishing  colors  and  that  of 
defining  tbe  degrees  of  light  and  color  (of  " aatnration ")  are  relatively 
verj-  different;  bat  these  special  faculties  have  this  in  common,  that  they 
have  their  maximum  activity  in  a  certain  intermediary  region  of  abso- 
lute intensity  of  light  and  their  minimum  at  the  twolimits  of  this  region. 
Just  as  we  ex[>erieuce  the  most  difiSculty  in  distinguishing  between  the 
shades  of  intensity  of  light  by  a  very  feeble  or  very  strong  illumination, 
BO  it  isdifQcult  lor  ns  to  distiugoish  colors  slightly  or  strongly  luminous, 
or  the  deepest  and  the  lightest.  It  is,  therefore,  necessary  to  select  as 
a  suitable  color  for  discovering  a  feeble  chromatic  sense  either  tbe  light* 
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est  or  darkest  shades.  The  well-defined  kinds  and  degrees  of  a  defect- 
ive ebromatio  sense  confonnd  only  colors  of  mean  intensity.  I  have 
selected,  to  determine  whether  the  chromatic  sense  is  or  is  not  defoctiTe, 
a  light  green  (dark  green  may  be  also  used),  because  greeD,  according 
to  the  theory,  is  the  whitest  of  the  colors  of  the  speotram,  and  coDse- 
qoeotly  is  most  easily  ooofased  with  gray.  For  the  diagnosis  of  the 
especial  kinds  of  partial  color-blinduess,  I  have  selected  purple  (pioic), 
that  is,  the  whole  groop  of  colors  ia  which  red  (orange)  and  violet  (blue) 
are  combined  in  nearly  egnal  proportions,  at  least  in  such  proportions 
that  DO  one  sufficiently  preponderates  over  the  others,  to  tbe  normal 
sense,  so  as  to  give  its  name  to  the  combinatioo.  This  is  the  reasou  for 
thischoioe.  Purple  occupies  a  singalar  position  amoogst  colors;  although 
it  is  a  combinatiou,  it  is,  wo  know,  a  color,  as  well  "  saturated  "  as  the 
colors  of  the  epectram,  and  might  be,  from  this  point  of  view,  classed 
with  them,  although  it  is  not  found  in  the  specimm.  In  fact,  it  has  been 
regarded  as  the  eighth  color  of  the  spectrum,  closiog  the  circle  of  satu- 
rated colors.  Purple  is  of  especial  importance  in  the  examination  of  the 
color-bliud,  for  the  reason  that  it  forms  a  combination  of  two  fundamental 
colors — the  two  extreme  colors — which  are  never  confounded  with  each 
other.  In  fact,  from  a  color-blind  point  of  view,  one  of  two  things  must 
happen,  according  to  tbe  theory:  either  it  excites  bat  one  kind  of  per* 
ceptive  organ  or  it  excites  them  all.  It  appears  then  either  like  a  sim* 
pie  color,  that  is  to  say,  like  one  of  the  two  colors  of  tbe  combination, 
or  like  white  (gray).  Experiment  has  confirmed  this  hypotbeds.  Oar 
sample  colors,  therefore,  are  the  two  complementary  colors  of  each  other, 
green  and  purple.  In  the  examiuatioo  of  the  chromatic  sense  of  a  large 
number  of  individuals,  it  is,  of  course,  of  importance  to  decide,  first, 
whether  the  chromatic  sense  of  the  individual  is  or  is  not  normal.  It  is 
only  after  establishing  the  existence  of  a  defect  that  its  nature  or  degree 
must  be  determined.  The  sample  colors  are,  therefore,  employed  with 
more  advantage  in  a  certain  order,  as  tbe  test  must  be  accomplished  as 
a  whole,  according  to  a  plan  that  experieoce  has  proved  tbe  surest,  most 
rapid,  and,  flaally,  most  suitable  for  tbe  purpose. 

3. — THE  EXAMINATION  AND  DIAGNOSIS. 

The  Berlin  wool  is  placed  in  a  pile  on  a  large  plane  surface  and  in 
broad  daylight;  a  skein  of  the  test  color  ia  taken  from  tbe  pile  and 
laid  aside  far  enongh  from  the  others  not  to  be  confounded  with  them 
daring  the  trial ;  and  the  person  examined  requested  to  select  tbe  other 
skeins  most  resembling  this  in  color,  and  place  them  by  tbe  side  of  the 
sample.  In  tho  flrst  place,  it  is  necessary  that  he  should  thoroughly 
understand  what  is  required  of  bim ;  that  is,  that  he  should  search  the 
pile  for  tho  slceius  making  an  impression  on  his  chromatic  sense,  in- 
dependent of  any  name  he  may  give  the  color,  similar  to  that  made 
by  the  sample.  The  examiner  should  explain  that  resemblance  in 
every  respect  is  not  necessary;  that  there  are  no  two  specimens  exactly 
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ftlibe;  that  the  only  question  is  tbe  resemblanoe  of  tbe  color;  and  Itiat 
consequently  be  must  endeavor  to  find  8ometbiD£  similar,  of  the  same 
shade,  somethiug  lighter  and  darker  of  the  same  color,  etc  If  the 
peiwD  examiaed  cannot  succeed  in  understanding  this  by  a  verbal 
explanation,  we  most  resort  to  action.  We  mnet  ooiselves  make  tbe 
tiial  by  searehiDg  with  onr  own  bands  for  the  skeius,  thereby  showing 
in  a  practical  manner  what  is  meant  by  a  shade,  and  then  restoring  tbe 
whole  to  the  pile  except  the  sample  skein.  As  it  would  require  much 
time  to  examine  each  individual  in  this  way,  it  is  advisable,  when  ex- 
amining  a  large  nnmber  at  tbe  same  time,  to  iuQtruct  all  at  ouce,  and 
moreover  to  ask  them  to  attentively  observe  tbe  examination  of  those 
preceding  them,  so  as  to  become  more  familiar  themselves  with  tbe 
process.  By  this,  time  is  saved,  without  loss  of  securily;  for  no  one 
vith  a  defective  chromatic  sense  fiuds  the  correct  skeius  in  Ihe  pile 
the  more  easily  from  tbe  fact  of  having  a  moment  before  sveii  others 
looking  for  and  arraogiDg  them.  He  makes  tbe  pame  characteristic 
mistakes}  but  tbe  uorioal  observer,  on  the  other  hand,  geufrally  ac- 
complishes his  task  much  better  and  more  quickly  after  having  seeu 
bow  it  must  be  done,  and  this  is  the  advantage  of  our  method. 

Tbe  colors  mentioned  in  this  chapter  are  divided  into  two  classes : 

Ist.  The  eolora  for  aeanplea  {teat  colort),  that  is,  those  presented  to  the 
persons  examined;  and 

2d.  Tbe  "  colors  o/confusion,"  that  is  to  say,  those  which  the  coloF-bliud 
selects  from  the  heap,  becaaso  he  confuses  them  with  that  of  tbe 
sample. 

Test  I. — ^The  green  sample  is  presented.  This  sample  should  be  tbe 
palest  sliade  (tbe  lightest)  of  very  pure  green,  which  is  neither  a  yellow- 
groen  nor  a  blue-green  to  the  normal  eye,  but  fairly  intermediate  be- 
tween the  two,  or  at  least  not  verging  upon  yellowish  green. 

Rule. — The  examinatiou  must  continue  until  the  oue  examined  has 
l^aoed  near  the  sample  all  tbe  other  skeins  of  the  same  shade,  or  else, 
with  these  or  separately,  oue  or  several  skeins  of  the  class  correspond- 
ing to  the  "  colors  of  confusion,"  until  he  has  sufficiently  proved  by  his 
manner  of  doiug  it  that  be  can  easily  and  nuerringly  distinguish  the  con- 
fused colors  or  until  he  has  given  proof  of  unmistakable  difficulty  in 
accomplishing  this  task. 

Diagiutau. — Qe  who  places  beside  the  sample  one  of  the  "  colors  of 
coDfasiou,"  that  is  to  say,  finds  that  it  resembles  the  "test  color,"  is 
eoior  blind.  Qe  who,  without  being  quite  guilty  of  this  con  fusion,  evinces 
a  manifest  disposition  to  do  so,  has  &  feeble  cliromatUs  eerue. 

Remark. — ^We  must  remember  that  we  cannot  allow  more  than  five 
colors  for*' confusion,"  Bnt  we  have  here  in  view,  not  «ver^  kind  of  defec- 
tive color  sense,  botooly  those  important  in  the  busiuess  of  railways. 
Tlie  number  of  colors  allowed  is  therefore  sufficient,  as  these  are  the 
moat  important  and  most  common. 

Test  II. — A.  purple  skeiu  is  presented.  The  color  chosen  must  be 
between  the  deepest  and  lightest  shades  of  tbe  scale.  ^O^^^lc 
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Bute, — The  trial  most  be  ooutiDDed  antil  the  one  ezamiced  has  placed 
near  the  sample  all  or  the  greater  part  of  the  skeins  of  the  same  shade, 
or  else  simaltaneonsly  or  separately  one  or  several  skeins  of  "conftasion." 
He  who  selects  either  the  light  or  deep  shades'  of  blue  and  violet  (es- 
pecially the  deep).or  the  light  or  deep  shades  of  one  kind  of  green  or 
gray  inclining  to  blae  has  committed  an  error. 

Diagnosis:—!.  He  who  is  color-blind  by  the  first  test,  and  who,  npon 
the  second  test,  selects  ooly  pnrple  skeius,  is  incompUtely  eolor-blind. 

2.  He  who,  in  the  second  test,  selects  with  pnrple  only  blue  and  violet, 
or  one  of  them,  is  compUtely  red-blind. 

3.  He  who,  ID  the  second  test,  selects  with  purple  only  green  and  gray, 
or  one  of  them,  ia  completely  green-blind. 

Remark. — The  red-blind  never  ratifies  the  test  of  the  green-blind,  and 
vice  versa.  However,  it  happens  in  certain  cases  that  the  green<blind 
selects  a  violet  or  blae  skein,  bnt  always  the  lightest  shades.  This 
shoald  not  affect  the  diagnosis.  The  examination  may  end  with  this 
test,  and  the  diagnosis  be  considered  as  perfectly  settled.  It  is  not  even 
necessary,  practically,  to  decide  whether  the  color-bliDdness  is  red  or 
green.  But  to  be  more  entirely  convinced  of  the  relation  of  complete 
color-blindness  with  the  signal  colors,  and  especially  to  convince,  if  neces- 
sary, the  railway  employes  and  others  who  are  not  specialists,  the  exami- 
oatioD  may  be  completed  by  one  more  trial.  The  one  we  are  going  to 
mention  is  not  necessary  to  the  diagnosis,  and  only  serves  to  corrobo- 
rate the  iovestigation. 

Test  III. — The  red  skein  is  presented  to  the  sabject.  It  is  necessary 
to  hare  a  vivid  red  color  like  the  red  Sag  nsed  as  signals  on  railways. 

Eule. — This  test,  which  is  applied  only  to  those  completely  color-blind, 
shonld  be  continued  until  the  person  examined  has  placed  beside  the 
specimen  all  the  skeins  belonging  to  this  shade  or  the  greater  part  or  else 
separately  one  or  several  "colors  of  confusion."  The  red-blind  then 
chooses,  besides  the  red,  green  and  browo  shades  which,  to  the  normal 
sense,  seem  darker  than  red.  On  the  other  hand,  the  greeu-blind  selects 
opposite  shades  which  appear  lighter  than  red. 

Remark. — Every  ease  of  complete  color-blindness  discovered  does  not 
always  make  the  precise  mistakes  we  have  jnst  mentioned  in  the  preced- 
ing exam  illations.  These  exceptions  are  either  instances  of  persons 
with  a  comparatively  inferior  degree  of  complete  color-blindness,  or  of 
color-bliud  persons  who  have  been  exercised  ia  the  colors  of  signals,  and 
who  endeavor  not  to  t»e  discovered  ;  tbey  therefore  usually  confound  at 
least  green  and  brown,  but  even  this  does  not  always  happen. 

Additionu.  note. — We  have  not  given  rules  for  discovering  total 
color  blindness,  because  we  have  not  found  any  cases  of  this  kind.  If 
any  such  should  be  found,  they  will  be  recognized,  according  to  the 
theory,  by  a  confusion  of  every  shade  having  the  same  iuteusity  of 
light.  Yioklblindnisit  will  be  recognized  by  a  genuine  confusion  of 
purple,  red,  and  orange  iu  the  second  test.    The  diagnosis  shonld  be 
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made  with  discrimiuatioo.  The  first  test  often  shows  blue  to  bea  "color 
of  coDfusioD."  Ibis  maj,  ia  certain  cases,  be  the  sign  of  violet^blind- 
oess,  bat  not  always.  We  have  not  thoaght  it  advisable  to  admit  defects 
of  tbia  kind ;  only  the  most  morlted  oases,  that  other  examinations 
establish  as  violet  color-blindness,  should  be  reclLOned  in  the  statistics. 
Fioally,  to  acquire  a  desirable  nniformity,  it  is  necessary  to  add  that  in 
tbe  prcpiratory  examination,  it  is  my  bnbit  to  indicate  in  the  journal, 
especially  kept  for  that  parpose,  cases  of  wmplete  color-Uindness  by  2 
(2  B.,  2  G.,  2  v.),  those  of  incomplete  blindness  by  1,  and  those  of  feeble 
chromatic  sense  by  0.5  {0.5  B.,  0.5  G.,  0.5  Y.). 

4.— PBACTIOAL  BnLES  AND  SPECIAL  DIBECTIONS   FOB    THE  CUNDUOI 
OP  THE  TEIAL. 

The  method,  as  we  have  said,  plays  an  importunt  part  in  an  examina- 
tion of  this  hind,  not  only  from  tbe  principles  npoa  which  it  rests,  bnt  also 
from  tbe  manner  in  which  it  is  used.  The  best  plan  for  directing  how 
to  proceed  is  by  oral  instructions  and  de  viau;  but  here  we  are  obliged 
toaccomplish  this  by  description.  Xow,  thisisalwaysdefectivein  some 
respects,  especially  if  we  wish  to  be  brief.  What  has  been  said  would 
BYidently  suffice  for  an  intelligent  and  experienced  physician,  bnt  it 
may  not  be  superfluous  to  enter  still  further  into  detail  to  provide  against 
any  possible  difficulties  and  loss  of  time.  The  object  of  the  examination 
is  to  discover  the  natnre  of  a  person's  chromatic  sense.  Now,  as  the 
&te  of  tbe  one  to  be  examined  and  that  of  others  depend  upon  the 
coirectness  oftbejudgment  pronounced  by  tbe  examiner,  and  that  this 
judgment  should  be  based  upon  the  manner  in  which  the  one  examined 
stands  the  trial,  it  is  of  importance  that  this  trial  shonid  be  truly  what  it 
onght  to  be,  a  trial  of  the  nataro  of  the  chromatic  sense  and  nothing 
else,  an  end  that  will  be  gained  if  our  directions  are  strictly  followed.  It 
is  not  only  necessary  that  the  examiner  carefally  observe  them — which 
does  not  seem  to  as  difficult — bat  that  be  also  take  care  that  the  indi- 
vidual examined  does  thoroughly  what  is  required  of  him.  This  is  not 
always  as  easy  as  one  might  snppose.  If  it  were  only  required  to  ex- 
amine intelligent  people,  familiar  with  practical  occupations  and  espe- 
cially with  colors,  and  with  no  other  interest  connected  with  tbe  issue  of 
tbe  examination  than  to  know  whether  they  are  color-blind  or  not,  the  ex- 
amination woald  be  uniform  and  mechanical.  But  it  is  required  to  ex- 
amine people  of  various  degrees  of  culture,  all  of  whom,  besides,  have  a 
personal  interest  in  tbe  issue  of  tbe  examination.  DifTerent  people  act 
very  difierently  during  tbe  examination  for  many  reasons.  Some  submit 
to  it  without  the  least  saapicion  of  their  defect;  others  are  convinced  that 
they  possess  a  normal  sense.  A  few  only  have  a  consciousness  or  at  least 
some  suspicion  of  their  defect.  These  last  can  often  be  recognized  before 
the  least  examination  by  keeping  behind  the  others,  by  attentively  follow- 
ing the  progress  of  the  trial,  but  if  allowed  willingly  remaining  to  the 
last.    Some  are  quick ;  others  slow.    The  former  approach  nnconcemedly 
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and  boldly;  tbe  latter  with  over  anxiety  and  a  certain  dread.  The  lowest 
class  are  those  who  have  tbe  opposite  desire,  that  is,  to  pass  for  color- 
blind, attboagh  in  possession  of  normal  sight.  We  will  speak  of  these 
later,  to  enable  us  now  to  devote  oaraelvea  to  those  who  undergo  the  trial 
in  good  faith,  or,  at  least,  with  tbe  desire  to  appear  uonnal,  even  nl- 
thongh  color-blind. 

lu  the  trial  it  is  espeuially  desirable  to  conflne  tbe  range  of  selection 
to  the  lighter  shades  of  the  test  color  (say  green),  for  the  trial  would 
cause  great  lo^a  of  time  and  be  less  reliable  if  it  included  every  abade 
of  green.  In  fact,  no  little  judgment  has  been  exercised  in  the  selection 
of  tbe  very  lightest  shade  of  tbe  green  proposed  as  a  sample  color.  For 
it  is  exactly  what  the  color-bliuil  most  readily  confounds  with  the  paler 
shades  of  gray,  drab,  straw,  and  salmon-color.  If  the  subject  were 
allowed  to  depart  from  tbe  narrow  limits  established  by  the  trial,  it  would 
include  every  shade  of  green,  the  result  of  which  woald  be  that  he  would 
prefer  to  select  all  the  vivid  shades,  and  thus  avoid  the  dangerons  groand 
where  his  defect  would  certainly  be  discovered.  This  is  why  it  is  neces- 
sary to  oblige  him  to  keep  within  certain  limits,  confining  him  to  pare 
green  specimens,  and,  for  greater  security,  to  recommend  him  to  select 
especially  the  lightest  shades.  What  we  have  just  said  of  green  applies 
also  of  course  to  purple. 

The  principle  of  our  method  is  to  force  tbe  one  examined  to  reveal, 
himself,  by  an  act  of  his  own,  the  nature  of  his  chromatic  seaee.  Now, 
as  this  act  must  be  kept  within  certain  limits,  it  is  evident  that  the  ex- 
aminer must  direct  him  to  a  certain  degree.  This  may  present,  in  certain 
cases,  some  difficulty,  as  he  will  not  always  be  guided,  and  does 
either  too  much  or  too  little.  In  both  cnses,  the  examiner  shonld  use 
bis  influence  in  order  tosave  time  and  gain  certainty,  and  this  is  usually 
very  easily  done.  This  intervention  is,  of  course,  intended  to  pat  the 
examiner  in  the  true  path,  and  is  accomplished  in  many  ways  according 
to  the  case  in  point. 

We  will  here  mention  some  of  tbe  expedients  we  have  found  usefal : 

A.  Interference  during  an  extended  leleetion. — It  is  not  always  easy  to 
confine  theoue  examined  within  the  limitsof  the  method.  He  easily  slips 
in  the  first  test,  for  example,  a  yellow -green  or  blue-green  ekein  among  the 
othecs,  and  as  soon  as  there  is  one,  others  follow  usually,  and  it  thus 
happens  that,  in  a  few  moments,  he  has  a  whole  handful  of  yellow-green, 
a  second  of  blue-green,  a  third  of  both  these  shades  at  tbe  same  time. 
Our  process  has  assisted  us  in  more  than  one  case  of  this  kind. 

(a)  When  the  person  examined  has  begun  to  select  shades  of  one  or  sev- 
eral other  colors  than  those  of  the  sample,  bis  ardor  ia  arrested  by  taking 
from  bim  the  handful  of  skeins  he  has  collected,  and  asking  him  whether 
his  eye  does  not  tell  him  there  arc  one  or  several  which  do  not  match 
the  others,  in  which  case  be  ia  solicited  to  restore  them  to  the  pile.  Be 
then  generally  remarkn  that  tliere  is  some  obscuration,  and  proceeds  in 
one  of  the  following  manners : 
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1.  He  rejects  one  after  the  other,  the  foreign  shades,  bo  that  the  oorrect 
remain,  nhich  is  often  only  the  sample  skein.  He  is  shown  what  mistake 
be  has  made.  Karnes  are  nsed  to  remind  him  that  one  class  of  green 
may  l>e  yellow-green  aod  another  blue-green;  and  to  induce  him  to 
avoid  tbem,  he  is  advised  only  to  select  skeins  of  the  same  shade  as  the 
Bpecimen,  altfaongh  they  be  lighter  or  darker,  and  have  neither  more 
yellow  nor  blue  tliati  that  It  his  first  error  arose  only  from  a  miscon- 
ceptioD  or  want  of  practice  in  handling  colors,  he  begios  generally  to 
nnderstaod  what  he  has  to  do,  and  to  do  properly  what  is  required  of  him. 

2.  Or  else  he  selects  aad  rejects  immediately  the  skein  of  the  sample 
itself.  This  proves  that  he  sees  the  differeoce  of  color,  fie  is  then 
shown  the  skein  as  the  only  correct  one,  and  asked  to  repeat  the  trial  in 
a  more  correct  mauiier.  He  is  agaiu  put  ou  the  right  track  as  just  before, 
and  the  trial  proceeds  rightly,  unless  the  error  arise  from  a  defect  in 
the  chromatic  seose.  Many  seem,  however,  to  experie&c»  a  natural  diffi- 
culty ID  distiDgaisbing  between  yellow-green  and  blae-green,  or  the  dull 
shades  of  green  and  blue.  This  difGcalty  is,  however,  more  apparent 
than  real,  and  is  corrected  usably  by  direct  comparison.  If  the  method 
requiriog  the  name  of  Ibe  color  to  be  given  is  nsed,  a  number  of 
mistakes  may  be  the  result.  If  a  skein  of  light  green  and  light  blue 
alone  are  presented  to  him,  asking  him  to  name  them,  be  will  often  call 
Uoe,  green,  and  green,  blue.  Bat  if  in  tbe  first  case  a  bine  skein  is 
immediately  shown  him,  he  corrects  his  mistake  by  saying  this  is  blue 
and  that  green.  In  the  last  cose,  it  happens  so  mutatis  mutandu.  This 
is  not  the  place  for  an  explanation.  It  must  auffloe  to  say  that  the  error 
is  corrected  by  a  direct  comparison  between  the  two  colors. 

Itiere  is,  according  to  the  theory,  one  class  of  the  color-blind — violet- 
Uind— who,  in  consequence  of  the  nature  of  their  chromatic  sense,  and. 
therefore,  notwithstanding  tbe  comparison,  cannot  distingoisb  bine  and 
green.  Bat  our  method  has  nothing  to  do  with  this  daas  of  the  color- 
blind, becaose  such  are  not  dangeroas  on  railways. 

(i)  Another  proceat, — If  tbe  one  examined  place  by  the  side  of  the  sani- 
ty a  shade,  for  instance,  of  yellow -green,  the  examiner  places  near  this 
another  shade,  in  which  there  is  more  yellow,  or  even  a  pare  yellow,  re- 
marking at  the  same  tine  tiiat  if  tbe  flret  snit,  tbe  last  most  also.  The 
other  nsually  dissents  from  this.  Be  is  then  shown,  b;  selecting  and 
churing  tbe  tatermediote  shades,  that  there  is  a  gradation-wbich  will 
diverge  widely  if  logically  carried  oat  as  he  has  began.  The  same 
ooufse  is  followed  with  colors  of  tbe  bine  shades,  if  the  bine-green  were 
first  selected.  He  sees  the  succesBrre  gradations,  and  goes  throngh 
with  this  test  perfectly  if  his  chromatic  sense  is  correct. 

To  ascertain  farther  whether  be  notices  these  additions,  ot  the  tints  of 
yellow  and  Uae  in  the  green,  we  oan  take  ourselves  the  yellow-green  and 
bine-green  to  ask  him  if  be  finds  this  to  be  so.  We  can  judge  by  his 
answer  of  hia  sense  with  regard  to  these  shades,  and  the  object  of  tbis 
investigation  is  accomplished. 
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It  resalts  from  all  tbU  that  man;  who  are  finally  considered  to  have 
a  normal  chromatic  sense  may  occasionally  canoe  embarraaamentB.  In 
the  main,  the  normal  observer  of  this  kind  caoses  greater  loss  of  time 
than  the  color-blind.  It  is  astonishing  to  see  with  what  rapidity  the 
color-blind  betray  their  defect.  At  least,  it  is  fonod,  in  the  m^ority  of 
the  cases  examined  by  ns,  that  the  first  skein  of  wool  selected  from  the 
pile  by  the  colorblind  in  the  first  test  was  one  of  the  **color8  of  con- 
fasion." 

B.  Intervention  during  a  restricted  choice. — Those  who  evince  too  great 
slowness  also  require  the  interrerenoes  of  the  examiner  in  another  man- 
ner. We  can  lay  aside  here  those  cases  in  which  at  the  sight  of  the 
complex  colors  of  the  heap  of  wool,  the  examined  finds  it  difiScult  to 
select  a  skein  resembling  the  sample  in  acoUection  where  all  the  particu- 
lar colors  seem  to  differ  from  each  other,  and  in  consequence  declares  im- 
mediately that  he  can  find  none  resembling  the  specimen.  It  is  replied 
that  an  absolute  resemblance  is  not  demanded,  and  that  no  one  asks 
impossibilities,  that  time  is  limited,  many  are  waiting,  etc.  But  there 
are  people  who  from  natural  slowness,  from  being  unaccustomed  to  such 
business,  from  fear  of  making  mistakes,  and  especially  if  previously  ex- 
aminee! and  suspected  of  color-blindness,  or  from  many  other  motives, 
proceed  with  the  greatest  caution ;  they  do  not  even  wish  to  touch  the 
wool,  or  they  search,  select,  and  replace  with  the  greatest  care  all  the 
possible  skeins  without  finding  one  corresponding  with  the  sample,  or 
that  they  wish  to  place  beside  it.  Here  then  are  two  coses:  on  one  band, 
too  much  action  with  the  fingers,  without  result;  on  the  other,  too  little 
eflbrt.    The  examiner  is  forced  to  interfere  in  both  cases. 

(a)  At  the  time  of  a  too  great  manual  action  without  corresponding 
practical  result,  the  examiner  must  be  careful  that  the  eye  and  band  act 
simultaneously  for  the  accomplishment  of  the  desired  end. 

Some  people  forget  that  the  hands  should  be  subservient  to  the  eye 
in  this  trial,  and  not  act  independently.  Thus  tbey  are  often  seen  to  fix 
their  eyes  on  one  side  while  their  hands  are  engaged  on  the  other. 
This  should  be  corrected  so  as  to  save  time  and  avoid  further  labor. 
When,  from  the  manual  activity  of  the  one  examined,  or  by  the  unob- 
served aid  of  the  examiner,  all  the  correct  skeins  or  only  a  portion  are 
found  in  the  pile,  it  is  wise  to  stop  and  invite  the  former  to  cross  his 
bands  behind  bis  back,  to  step  back  a  pace,  and  quietly  consider  all  the 
skeins,  and,  as  soon  as  his  eye  has  met  one  of  those  for  which  he  is  look- 
ing, to  extend  his  band  and  take  it.  The  best  plan  is  to  advise  him  to 
look  first  at  the  sample  and  then  at  the  pile,  and  to  repeat  this  maneuver 
until  bis  eyes  find  what  he  is  looking  for. 

This  stratagem  generally  succeeds  when  nervousness  from  over-anxiety 
causes  his  bands  to  tremble.  But  it  is  not  always  easy  to  induce  him 
to  keep  his  hands  behind  his  back  nntil  the  moment  for  taking  the  skein 
in  question. 

(fr)  In  cases  of  great  oantion,  the  trial  is  hastened,  if  the  examiner 
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oome  to  the  aasistance  of  the  other  by  holding  above  the  pile  one  skeiD 
after  the  other,  and  reqaesting  hiiu  to  say  whether  it  reBembles  the  color 
of  the  sample  or  not.  It  will  be  advisable  first  to  select  the  skeins  that 
a  color-blind  person  would  approve.  If  he  is  so,  he  will  approve  of  the 
selection,  and  the  qnestion  is  settled.  If  not,  he  rejects  them,  not  with- 
oat  a  oharacteristie  smile,  or  with  an  expression  of  wounded  dignity. 
This  also  enlightens  as  as  to  his  chromatio  sense.  Bnt  even  thecolor- 
blind  may  in  snch  a  case  fefase  what  is  presented,  especially  if  bis  caa- 
tioQ  is  premeditated,  and  he  suspects  that  a  snare  is  intended.  It  is 
found  quite  freqaently  that  he  rejects  the  correct  shades  likewise  pre- 
sented with  the  others.  This  is  not  the  case  when  one,  having  a  normal 
chromatio  sense,  is  slow  and  deliberative  when  subjected  to  the  test 
nnder  this  form.    He  baa  an  eye  alive  to  the  correct  colors. 

One  process,  in  cases  of  this  last  kind,  is  to  select  false  samples  which 
are  placed  quite  near  the  correct  one,  by  the  side,  above  or  below,  to 
attract  the  attention  of  the  examined  from  the  right  side.  It  is  necessary 
so  to  proceed  that  the  true  sample  bo  displaced  when  the  others  are 
drawn  ont,  bo  that  the  person  examined  may  see  it  more.  It  does  not, 
however,  always  happen  to  catch  his  eye.  The  best  means  is  then  to 
make  bim  examine  tlie  whole,  with  bis  hands  behind  his  back,  and  invite 
him  to  freely  make  his  choice.  Bat,  whatever  the  process,  it  is  neces- 
sary, in  every  case  where  one  has  been  assisted  in  selecting  a  certain 
namber  of  skeins  which  he  has  found  analogous  to  the  sample  color,  to 
make  a  rule  not  to  conclude  the  trial  without  eznmiuiog  into  the  effect 
of  the  aid  accorded.  It  is  necessary  to  hold  in  the  hand  the  approved 
package,  and  ask  if  he  is  satisfied  or  if  he  would  desire  any  change.  If 
he  approve  the  choice,  the  diagnosis  is  established.  The  Kumo  course 
must  be  pursued  with  the  defective  chromatic  sense,  that  the  trial  may 
be  made  with  or  without  assistance.  To  t>e  thorough,  the  name  given 
by  the  color-blind  to  the  colors  in  qnestion  may  be  likewise  asked. 

Id  cases  where  any  one  suspected  of  color-blindness  has  remained 
some  time  to  see  the  trial  of  others,  and  where,  as  often  happens,  he 
has  remarked  the  samples  belonging  to  a  required  green  shade,  he  may 
of  oonrse  profit  by  it  in  his  owu  trial.  But  this  can  be  prevented  by 
furtively  concealing  one  or  two  of  these  samples.  If  he  seem  to  be  dis- 
posed to  confound  green  and  gray,  it  will  be  very  easy  to  entrap  him. 
If  we  do  not  succeed,  even  when  assisting  bim,  in  entrapping  him  in 
thia  snare,  the  hidden  samples  may  be  put  back  into  their  places,  to  be 
convinced  that  the  trial  is  correct. 

From  the  above,  it  is  seen  that  many  artifices  may  be  necessary  in 
oar  examination.  It  may  be  regarded  as  an  advantage  of  oar  method 
that  it  has  at  command  a  great  variety  of  resources.  We  have  by  no 
means  mentioned  all;  and  yet  many  who  have  only  read  this  descrip- 
tion will  probably  reproach  us  with  having  devoted  ourselves  too  much 
to  details  which  seem  to  them  puerile.  Bat  we  believe  that  those  who 
have  examined  the  chromatio  seose  of  a  great  namber  of  persons,  and 
acquired  thereby  considerable  experience,  will  think  differently. 
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5. — appbeciation  op  the  capacity  of  exahihbes. 

The  method  of  soratiay  here  deacnbed  is  able  to  detect,  as  we  have 
Been,  not  only  complete  or  incomplete  cotor-blindaeas,  bat  a  feeble  chro- 
matic Beuse.  Moreover,  it  has  been  proved  that  there  is  a  perfect  grada- 
tion from  complete  oolor-bliudness  on  the  one  side  to  the  normal  obro- 
mntic  perception  on  the  other.  The  question  then  natamlly  arises,  from 
our  practical  point  of  view,  wfaotber  it  is  possible  to  draw  a  dividiog 
line  between  the  kinda  and  degrees  of  defective  color-vision  which  woold 
except  those  who  could  not  cauae  any  incoDvenienoe  to  the  railway  ser- 
vice, and,  in  case  of  an  affirmative  answer,  where  such  limit  is  to  be 
found. 

It  mast  first  be  remembered  that  in  the  existing  state  of  things,  these 
questions  neither  can  nor  ought  to  be  settled  in  the  same  manner  in 
every  case,  sioce  the  examination  is  intended  for  individot^  of  two  dif- 
fereut  classes:  lat,  the  aspirants  for  railway  employment;  and,  2d,  the 
employ^a,  or  those  already  in  service. 

A.  Aspirants. — We  mast  bear  in  mind  that  in  Sweden,  accordiog  to 
the  reguliition  in  force  there  for  the  management  of  state  railways  (fol- 
lowed also,  as  far  as  we  know,  on  the  private  lines),  it  is  required  that, 
iu  order  to  be  admitted,  each  applicant  "prove  by  a  certificate  from  a 
physician  that  he  is  exempt  from  any  kind  of  infirmity,  disease,  or  defect 
of  conformnttoii  that  conld  be  prejudicial  to  the  exercise  of  his  fonotioas," 
and  also,  that  among  these  defects  of  conformatiOQ,  in  connectioD  with 
signals,  are  reckoned  the  defects  of  the  ebromatic  sense,  to  which  the 
managers  have  especially  directed  the  attention  of  the  physioians  at- 
tached to  the  lines. 

According  to  the  principles  we  have  stated,  the  greatest  seventy 
should  be  observed  in  this  case,  or,  in  other  terms,  the  least  defect  in  the 
sense  of  colors  should  be  a  snfficient  ground  for  rejection. 

B.  Persom  alreadg  in  service. — We  must  here  ask  oorselves  if  there 
is  no  necessity  to  modify  the  limit  we  have  just  traced,  in  order  to  carry 
out  the  principle  we  stated  before,  namely,  that  it  is  necessary  to  adopt 
less  severe  rules  to  eliminate  from  the  service  those  who  are  already 
employed.  Wo  here  enconoter  great  difficulties,  and  it  will  be  seen  that 
It  ia  not  possible  to  settle  the  question  sammurily,  that  Is,  th«t  a  wcdl- 
defined  limit  cannot  be  traced.  In  such  cases,  the  physician  should 
always,  when  he  discovers  a  defect  in  the  chromatic  sense,  give  a  certi- 
ficate which  shonid  indicate  its  nature.  These  indications  infllude,  as  we 
have  already  said,  the  diagnoses :  complete  red-blindnat,  eomplete  yremt- 
Mindnen,  incomplete  color-bUndneas,  or  afa^le  chromatic  senie. 

We  are  convinced  that  every  case  of  complete  color-blindness  of  both 
kinds,  as  well  as  every  case  of  iuoemplete  of  the  higher  degrees,  should 
be  immediately  dismissed.  But  as  regards  those  who  may  be  retained, 
it  is  clear  that  the  first  question  coocems  those  who,  at  the  time  of  the 
trial,  were  regarded  iu  the  diagnosis  only  as  having  a  feeble  chromatic 
sense,  and  then  those  who  in  the  first  test  merely  confound  gray  with 
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tbe  sample  color.  But  we  do  not  ventnre  to  lay  this  down  as  a  principle, 
fur,  if  it  ahould  be  proved  that  tbese  iudividoaU  can  geuerally  distiugaisli 
tbe  light  of  cx>lored  lanterns  with  sufficient  accuracy,  tbis  does  not  prove 
Ibat  it  is  so  in  every  case,  and  especially  not  at  every  distance  required 
in  the  service.  This  is  why  we  know  nothing  better  to  advise  than  to 
refer  alt  such  oases  to  competent  specialists,  as  long  as  the  tranuition 
period  of  which  we  have  spoken  lasts. 

In  the  examination  of  doubtful  cases  snbtnitted  to  my  judgment,  I 
determined  according  to  several  of  tbe  methods  mentioned  in  one  of  the 
preceding  chapters.  In  general,  these  persons  were  all  subjected  to  a 
trial  aci^ording  to  the  methods  of  Seebeck  and  of  Maxwell,  and  an  exami- 
nation by  means  of  t  he  visual  perimeter  and  of  colored  shadows,  as  well 
as  the  lanterns  of  my  invention  and  colored  glasses.  Tbese  last  means 
have  capacity  especially  in  view,  and  they  are  very  suitable  for  tbe  ob- 
ject, when  it  is  desired  to  investigate  those  who  have  been  already  dis- 
covered, by  my  method  of  Berlin  wool,  as  having  a  defective  chromatic 
sense. 

The  light  of  colored  lanterns  and  illuminated  surfaces  generally,  con- 
veniently arranged  and  methodically  used,  may  serve  especially  in  snch 
cases  to  enlighten  ns  as  to  the  faculty  of  the  person  examined  for  appre- 
ciating colored  signals.  Onr  experiences  of  this  kind  have  shown  ns  that 
the  majority  of  color-blind  railway  employ^  however  much  practice  they 
have  had,  are  utterly  incapable  of  recognizing  and  distinguishing  the 
regalatioD  colors  of  lanterns,  especially  when  they  are  employed  in  the 
shades  which  are  not  mostoommonly  in  use  iu  the  service.  This  applies 
not  only  to  the  completely  red  and  green  blindj  bnt  also  to  the  incom- 
pletely blind.  These  last  reqnire  tbe  most  ciicnmstautial  investigation, 
anditisnot  to  be  assumed  that  tbelowerdegreescan  stand  the  trial;  they 
may  often,  it  is  true,  distinguish  the  signal-lights  at  a  short  distance 
with  sufficient  accuracy,  bnt  they  do  not  succeed  at  a  comparatively 
greater  distance.  Aa  the  places  where  the  trials  are  nsnally  made  do 
not  command  snch  distances  as  railways  for  observing  signals,  signal- 
lights  cannot  of  coarse  be  used  for  tbese  trials.  They  are  replaced  by 
small  illuminated  surfaces,  which,  seen  from  a  suitable  distance,  produce 
exactly  the  same  effect  aa  lauteros  at  a  great  distance.  Such  surfaces 
are  made  by  placing  a  screen  with  a  suitable  opening  covered  with  a 
colored  glass  before  the  flame  of  a  lamp.  This  is  enough  to  show  how 
to  dispose  of  the  case  in  question. 

6.— EFFOBTS  TO  OONOBAL  OB  TO  FEIQN  COLOB -BLINDNESS. 

We  have  announced  thatnoneof  the  kinds  of  color-blindness  we  have 
in  view  iu  this  work  could  escape  discovery  by  our  method.  But  this, 
of  course,  assumes  that  tbe  subject  does  his  best  iu  the  trial  and  acts  in 
good  faith.  If  it  happen  that  one  persists  either  in  concealing  a  couscious 
oolor-blindness  or  for  some  other  motive,  in  not  giving  the  least  infonnn- 
tion  by  act  or  word  it  is  evident  that  tbe  examination  mnat  fail  from  this 
13  B 
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simple  reason,  and  that  it  is  impossible  to  draw  any  positive  conclusion 
with  regard  tobia  ctiromatic  sensH.  Tlie  examiDer  may  in  such  a  case 
mention  uncouditiondtly  in  tbe  certificate  tbat  tbeone  examined  refused 
to  submit  to  the  osual  examination. 

It  is  not  difficult  to  say  liow  it  is  necessary  to  act  with  regard  to  soch 
persons.  It  should,  in  fact,  be  to  the  interest  of  each  one  possessing 
normal  sight,  desirous  of  entering  tbe  service  of  railways,  etc.,  to  en- 
deavor to  he  competent  in  every  resiiect,  and  consequently  to  give  mani- 
fest proof  of  his  sense  of  colors.  Tbe  color-blind  alone  have  any  interest 
in  concealing  tbeir  defect ;  therefore  he  endeavors  to  escape  the  trial. 
Every  candidate  who  will  try  to  avoid  the  prescribed  trial  mast  there- 
fore be  considered  and  treated  as  color-blind.  Such  obstinacy  on  tbe 
part  of  an  employ^  mast  be  considered  and  treated  as  an  infraction  of 
the  regulations. 

But  cases  may  arise  also  in  vbich  those  possessing  normal  sight  vill 
feign  color-blindness,  and  act  as  if  they  were  so  affected.  This  may  occor 
when  some  one  wishes  to  receive  a  pension  before  the  time,  or  else  to 
escape  punishment  con^quent  upon  an  unexpected  accident.  These 
are  just  tbe  very  cases  that  put  the  method  and  perspicacity  of  tbe 
examiner  to  tbe  test.  The  examination  then  assumes  tbe  character 
of  a  kind  of  criminal  inquest,  where  the  judge  and  tbe  aocnsed  must 
give  all  tbe  attention  of  which  tbey  are  capable  to  their  reciprocal  acts 
and  expressions,  to  try  to  entrap  each  other.  The  one  examined  tries  to 
prove  tbat  be  is  color-blind,  while  the  examiner  endeavors  to  prove  that 
he  has  normal  sight.  The  prospect  of  coming  off  victorioos  in  so  singu- 
lar a  contest  rests,  in  tbe  last  resort,  with  him  who  best  anderstands  the 
natnre  of  color-blindness,  and  has  most  experience  in  tbe  manner  in 
which  tbe  color-blind  act.  To  enable  tbe  pretender  to  deceive  tbe  ex- 
aminer, it  is  absolutely  necessary  that  he  earpass  tbe  latter  in  knowl- 
edge of  color-blindness.  There  is  in  this  an  element  of  aoccess  to  the 
examiner,  as  it  would  be  extremely  rare  to  find  a  railway  employd  or 
.sailor  who  would,  under  the  circamstances  mentioned,  be  subjected  to 
am  examination  by  a  person  interior  to  himself  in  knowledge.  It  is  clear, 
ia  &ct,  tbat  an  examination  bo  difQcdlt,  so  minnte,  and  involving  so 
TOKb  responsibility,  should  be  confided  to  the  most  competent  person 
possible.  But  it  is,  on  the  other  hand^  very  improbable  tbat  a  case 
should  oconr  where  it  would  be  necessary  that  a  learned  and  experienced 
specialist  wonld  have  to  submit  to  an  examination. 

In  the  first  place,  examinations  of  this  kind  must  rarely  occur,  and 
when  they  do,  it  must  be  at  least  in  tbe  most  difficult  cases,  that  is  to  say, 
after  an  accident — under  circumstances  where  the  one  examined  has  not 
bod  much  time  to  study  his  part.  It  will  generally  be  seen  then  tbfit  he 
has  not  a  profound  knowledge  of  tbe  nature  of  color-blindness,  but 
imagiues  it  to  be  a  difficulty  or  incapacity  to  distinguish  signal-colors  or 
colors  in  general.  He  will,  therefore,  be  governed  by  this  idea,  and, 
either  he  will  perfectly  distinguish  every  other  color  so  as  to  mistake  only 
the  signal-colors,  or  else  be  will  believe  he  must  confound  no  matter  what 
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color.  But,  as  we  have  seeii,  each  kind  of  color-bliDdoees  follows  lawa 
as  fixed  ns  tlio  normal  sense.  Sacb  a  stratagem  will  DOt  fail  to  violate 
them,  aDd  the  individaal  will  be  caaglit  in  tbe  very  act. 

But  there  is  absolately  uotbiog  which  opposes  tbe  suppositiou  tbat 
this  individual  maybave  a  certain  knowledge  of  the  nature  of  color* 
biinduess,  or,  at  least,  tbat  be  may  have  an  idea  of  its  regnlarity  with 
regani  to  tbe  coufusion  of  colors.  He  may  have  stndied  the  proofs  we 
have  cited,  and,  owing  to  tbe  exercise  and  observation  of  the  color-bliodf 
he  will  know  how  to  perform  them  in  a  manner  suitable  to  the  object  in 
view.  Tbe  examiner  has  always,  however,  tbe  choice  of  oiber  sample 
colors,  and  tbe  Berlin  wool  method  affords  a  large  choice.  If  tbat  does 
not  suffice,  and  tbe  individual  has  learned  from  the  truly  color-blind 
to  classify  tbe  whole  collection  of  wool  according  to  tbeir  chromatic 
sense,  tbat  is  to  say,  tbat  be  can  stand  tbe  trial  according  to  Seebeck's 
method,  and  if  he  is  so  tborongh  in  bis  part  that  there  is  no  means  of 
making  him  depart  from  it  by  abrupt  or  contradictory  questions,  tbe 
examiner  may  employ  for  the  examination  a  number  of  other  known 
methods,  but  probably  unknown  to  our  individual.  It  must  not  be  for. 
gotten  here  that  it  is  generally  easier  to  discover  faults  committed  by 
others  than  to  avoid  being  guilty  of  tbem  one's  SPlf,  and  one  must  be 
profoundly  familiar  witb  his  borrowed  part  not  to  be  guilty  of  iuconsist- 
encies.  Witb  regard  to  feigning  a  certain  kind  of  color-blindness,  we 
know  by  oar  experience  with  regard  to  this,  that  it  is  a  very  difBcult 
thing,  and  scarcely  ever  succeeds  before  an  attentive  and  experienced 
examiner.  All  these  circumstances  are  advantageous  for  tbe  examiner, 
bat  his  saperiority  is  not  limited  to  this.  For  if  it  sbould  happen — an 
extremely  Improbable  tbiug — tbat  a  pretender  were  familiar  witb  all  tbe 
known  tests  and  methods,  and  besides  bad  not  less  practice  than  talent 
in  execoting  them  as  accurately  as  the  color-blind,  tbe  examiner  bas, 
nevertheless,  tbe  power  of  inventing,  owing  to  bis  special  knowledge, 
new  tests,  and  of  varying  those  already  known. 

Besides  tbe  precaution,  which  mast  not  be  neglected,  of  conducting 
tbe  examination  in  tbe  presence  of  expert  and  competent  persons,  there 
is  an  especial  means,  wbicb,  while  being  certain  of  preventing  all  fraa- 
dalent  attempts,  judges  the  accused  in  the  nsnal  manner,  that  is,  by  the 
teetimon;  of  two  persons.  These  two  witnesses  should  be  two  color* 
blind  of  tbe  same  kind  as  that  feigned  by  the  examinedi  If  these  two 
iodividnals  are  first  subjected  separately  and  independently  of  each 
other  and  tbe  paeudocolorbUuA,  to  the  same  trial  as  be,  let  the  results 
be  noted  down  carefully,  and  then  tbe  whole  three  together,  and  it  will 
t^en  soon  be  seen  how  the  case  stands  witb  one  individual.  The  two 
color-blind  will  in  this  manner  give  the  necessary  testimony  without 
resting  upon  the  discretion  of  the  examiner.  This  manner  of  proceeding 
■oust,  however,  be  employed  witb  caution  and  discrimination,  as  tbe 
conformity  between  two  color-blind  of  the  same  class  is  not  absolutely 
perfect  in  every  respect.  Tbe  result  must,  therefore,  always  be  made  t* 
liarmoaize  by  the  explanation  of  the  examiner.  CtOO'jIc 
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It  is  an  iuterestiDt;  fact  !□  refereoce  to  the  dependence  of  one  class, 
atleastofonr  knowledge,  on  sensation,  that  many  persoDBare  born  with 
defective  vision  and  yet  remain  for  yeurs  of  their  iivea  without  being 
conscious  of  the  deticiency.  We  know  a  geutlemaa  who  bad  probably 
been  always  near  sighted,  but  who  did  not  discover  the  pecaliarity  of 
bis  vision  until  the  age  of  twenty-five,  when  it  was  accidentally  made 
known  by  looking  at  a  distant  object  through  a  concave  lens.  Many 
persons  whose  eyes  are  sound  and  cn|)abl«  of  exercising  tbe  most  deli- 
cate functions,  are  permanently  unable  to  distinguish  certain  colors. 
And  the  number  of  such  persona  is  much  more  considerable  than  wo 
would  be  led  to  imagine  from  the  little  attention  this  defect  of  vision 
has  excited.  It  is  ofteu  unknown  to  (he  individual  himself,  and  indeed 
only  becomes  revealed  by  comparing  his  powers  of  discriminating  dif- 
ferent colours  with  those  of  other  persons.  The  eye  also  under  some  cir- 
cumstaucea  may  lose  its  sensibility  for  particalar  colors,  or  be  thrown 
into  such  an  nnusual  state  as  to  present  all  objects  to  tbe  mind  under 
the  appearance  of  a  false  color.  Thus  if  a  person  looks  fixedly  for  a  time 
at  a  bright  red  object  and  then  turns  his  eye  to  a  white  wall,  he  will 
perceive  a  green  image  of  the  red  object  depicted  on  the  white  surface. 
A  lady  of  our  acquaintance  was  once  tbrowu  into  an  alarming  bat  laugh- 
able paroxysm  of  terror  by  an  effectof  this  kind.  She  had  been  for  some 
hours  attentively  sewing  on  a  bright  crimson  dress,  when  her  attention 
was  directed  towards  her  child,  who,  in  its  sport,  had  thrown  itself  on 
the  carpet  J  its  face  appeared  of  the  most  ghastly  hne,  and  the  affrighted 
mother  screamed  in  agony,  that  her  child  was  in  couvulsions — tho  other 
inmates  of  the  house  hastened  to  her  assistauce,  but  they  were  surprised 
to  find  the  little  one  smiling  in  perfect  health.  Tbe  sanity  of  the  mother 
became  the  natural  object  of  solicitude,  until  the  effect  was  properly  re- 
ferred to  the  impression  made  on  her  eye  by  tbe  crimson  cloth. 

Phenomena  of  this  kind  are  known  by  tbe  name  of  accidental  colors ; 
they  have  long  attracted  tbe  attention  of  the  natural  philosopher,  but 
the  explanation  of  them  is  still  involved  in  considerable  uncertainty. 
Tbe  hypothesis  which  has  been  most  generally  adopted  is  that  the  eye 
by  long  ntteiitioQ  to  a  particular  color,  becomes  fatigued  with  this  and 

'  t.  Obnervatioiia  on  colour  bliniliieua,  ot  innuusibility  to  the  inipressiou  of  CKittAiu 
coloiirB.     Bj  S.r  Duviil  BrowHter,  K.  H.,  &.o.  Fh.loHu|>bii:ul  MaRazine. 
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is  incapable  after  n  Mine,  of  dintinctly  perceiving  it ;  while  it  reWina  i(8 
fnll  power  of  pereeption  in  reference  to  a  Iresh  color.  Tbe  eoiifequence 
oftbin  is  tbat  when  tbe  eye  is  directed  to  a  white  surface,  after  having^ 
attentively  regarded  a  red  object,  green  must  appear;  becanso  white 
may  be  cou»idered  as  a  compound  of  red  and  green,  and  when  the  per- 
ception oi'  the  red  is  destroyed,  tbe  green  must  become  visible.  This 
explanation,  however  well  it  may  apply  to  some  of  tbe  phenomena,  is 
not  snfficient  for  the  whole.  Accidental  colors  can  be  perceived  in  the 
eye  itself  in  perfect  darkness.  This  is  shown  by  steadily  regarding  for 
a  short  time  a  brilliant  lamp,  and  then  covering  the  eyes  witb  the  hands 
so  as  to  exclnde  all  external  light,  n  lamiooiis  spot  will  be  perceived 
which  passes  in  succession  throagb  all  tbe  colors  of  tbe  rainbow. 

Of  the  real  cause  of  these  appearances  we  are  as  yet  almost  entirely 
ignorant.  Professor  Plateaa,  of  Ghent,  has  indeed  referred  them  all  to  a 
few  simple  priociplea,  but  these  appear  to  us  rather  expressions  of  the 
law  of  succession  of  tbe  pfaenomena,  than  physical  explanations  of  tbem. 
Wedo  not  however  at  this  time  intend  todwell  on  this  class  of  pheDomena, 
bat  to  give  a  succinct  account  of  those  peculiarities  of  vision,  in  which 
nbnormal  perceptions  of  color  are  permanent,  and  which  are  fully  treated 
of  in  the  memoirs,  the  titles  of  which  stand  at  the  bead  of  this  article. 

Tbe  pecaliarity  of  vision  called  eolorblindtiess,  and  sometimes  Dalton- 
Um,  may  generally  be  referred  to  two  classes.  I.  Those  in  which  all  im- 
pression of  color,  except  white  and  black,  are  wanting.  2.  Those  in 
nhich  the  individual  can  perceive  certain  simple  colors,  but  is  not  able 
properly  to  distinguish  between  tbem.  There  are  persons,  strange  as  it 
may  appear,  in  whom  the  sense  of  primary  color  is  entirely  deficient, 
and  who,  in  place  of  red,  yellow  and  blue,  see  nothing  but  different 
degrees  of  white  and  black.  Professor  Wartmann  gives  a  number  of 
cases  of  this  kind.  The  most  ancient  of  those  he  finds  described,  is  that 
by  Dr.  Tut>erville,  in  1G84,  of  a  woman,  of  abont  32  years  of  age,  who 
came  to  consult  the  Dr.  about  her  sight,  which,  though  excellent  in  other 
respects,  gave  her  no  impression  in  reference  to  color,  except  white  and 
black.  Spnrzbeim  mentions  a  family,  all  the  membersof  which  eonid  only 
distinguish  different  shades  of  white  and  black  An  account  is  given  by 
Mr.  Huddart  of  a  shoemaker,  in  Cumberland,  who  could  distinguish  in  dif- 
ferent colors  only  a  greater  or  less  intensity  of  light,  calling  all  bright 
tints  white  and  all  dull  ones  black.  His  peculiarity  of  vision  was  unknown 
to  him  nntiloneday,  while  a  boy,  playing  in  the  street,  he  found  a  stocking, 
and  for  the  first  time,  was  struck  with  the  fact  tbat  it  was  called  by  his 
companions  red,  whereas  to  his  mindit  was  capable  of  no  farther  descrip- 
tion than  that  designated  by  the  word  stocking ;  he  was  thus  led  to  con- 
clude that  there  was  something  else  besides  the  form  and  position  in  tbo 
leaves  and  fruit  of  acherry  tree,  perceived  by  his  playmates  but  not  seen  by 
himself.  Two  of  his  brothers  hiid  the  same  imperfection,  while  two  other 
bTotber8,bis  sisters,  and  other  relatives,  had  tbe  usual  coudition  of  vision. 

Of  theother  class,  the  cases  are  much  more  numerous ;  we  shall,  how- 
ever, give  only  a  few  examples.    Mr.  Harvey,  of  Plymouth,  mentions  a 
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tailor  who  could  see  iu  the  rainbow  bot  two  tiats,  Damely,  ;ellow  and 
brigbt  blue.  Blaok  appeared  to  bim  in  ^eQeral,  green,  Bometimea  cnm- 
80D — ligbt  blue  appeared  like  dark  blue,  crimsoD,  or  black— green  wascon- 
fonnded  witb  black  and  brown — carmine,  red,  lake,  and  crimson  witb  bine. 

But  the  most  intereetiog  case  of  tbis  kind,  is  tbat  of  the  celebrated 
cbemical  philosopher,  Dr.  Dalton,  of  England.  He  pablisfaed  an  accoonl 
of  his  own  case  and  tbat  of  several  others,  iu  tbe  Transactions  of  the 
Manchester  Society,  iu  1704.  Of  the  seven  colors  of  the  rainbow,  he 
could  distinguisb  but  two,  yellow  and  blue }  oi'  at  most,  thiee,  yellow, 
blue,  and  purple.  Ue  saw  no  ilifFereuce  between  red  and  green;  so 
that  be  tbongbt  tbe  color  of  s  laurel  leaf  tbe  same  t)s  that  of  a  stick  of 
red  sealing-wax.  A  story  is  told  of  bis  having,  on  one  occasion,  appeared 
at  tbe  qnaker  meeting,  of  which  be  was  a  member,  in  the  asual  drab 
coat  and  small-clotbes  of  tbe  sect,  witb  a  pair  of  dumiog  red-colored 
stockings  to  match.  .Whatever  may  be  tbe  truth  in  relerence  to  tbis 
Btory,  we  have  tbe  assertion  of  Prol'essor  \V  hewell,  that  when  Br.  Dalton 
was  asked  with  what  he  would  compare  tbe  scarlet  gown  witb  which  be 
iiad  been  invested  by  the  university,  he  poiuted  to  the  trees,  and  declared 
tbat  be  pereeived  no  dilference  between  the  color  of  bis  robe  and  tbat  of 
tbeir  foliage.  Dr.  Daltou  found  nearly  twenty  persons  ^wssessed  of  the 
flame  peculiarity  of  visiou  as  himself  j  and  among  the  number,  the  cele- 
brated metaphysician,  Dugald  Stewart,  who  could  not  distinguish  a 
crimson  fruit,  like  the  Siberian  crab,  from  the  leaves  of  tbe  tree  on  which 
it  grew,  otherwise  than  by  the  difference  in  its  form. 

On  accouutof  the  prominence  which  Mr.  Daltou's  pubbcation  gave  tbis 
defectofvision,thecontincntal  philosophers  gaveit  the  nameofi>aftoni«m. 
To  this  name,  however,  several  British  writers  have  strongly  objected.  If 
tbis  system  of  names  were  once  allowed,  say  they,  there  is  no  tellingwbere 
it  would  stop,  the  names  of  celebrated  men  would  be  connected,  not  with 
tbeir  superior  gifts  or  achievements,  but  witb  the  personal  defects  which 
distiuguisb  them  from  their  more  favoured  but  less  meritorious  cotompo- 
laries.  Professor  Wbewetl  proposed  the  term  Itiiopta,  signifying  peculi- 
arity of  vision ;  but  to  thisname  Sir  David  Brewster  properly  objected,  that 
tbe  important  consonantpwould  be  veryapt  to  be  omitted  iuordiuarypro> 
uunciatioD,  and  so  the  last  state  of  theldiopt  would  be  worse  than  tho  first. 
The  name  color  blindnega,  suggested  by  Sir  David,  although  not  in  all 
oases  free  from  objection,  is  perUiipsbetterthananywehaveseeu  proposed. 

It  has  already  beeu  stated  that  the  number  of  persons  aQiected  with 
oolor-bliuduees,  is  much  more  considerable  than  is  generally  imagined 
They  are  often  themselves  ignorant  of  their  imperfection  of  virion,  par- 
ticularly when  it  is  restricted  to  the  want  of  power  to  discriminate 
between  colors  nearly  related  to  each  other.  Frofessor  Seebeck  found 
five  cases  among  the  forty  bojs  who  composed  tiie  two  npper  classes  of  a 
gymnasium  of  Berlin.  Professor  Prevost,  of  Geneva,  stated  that  they 
amounted  to  one  iu  twenty;  and  Professor  Wartmanu  does  nut  think  tbis 
estimate  much  exaggerated. 

Observations  on  this  peculiarity  of  vision  have  as  yell  been  confined. 
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80  Tar  as  ve  know,  to  Europe,  witb  Ifae  exceptiOD  of  two  cases  described 
by  Dr.  Hays,  of  Philadelphia,  io  the  Proceedings  of  the  American  Philo- 
sophical Society.  It  has  also  as  yet  been  foand  only  among  the  white 
race,  althoogb  sufiQcient  observations  have  not  been  made  to  render  it 
probable  that  it  is  confined  to  tbis  variety  of  tbe  haman  family.  Tbe 
qoestion  has  been  asked,  whether  there  is  any  exteroat  sign  by  which 
to  detect,  with  simple  inspection  of  the  visual  organ,  a  case  of  color- 
blindness. Professor  Wartmano  remarks,  that  he  would  not  venture  to 
give  an  answer  to  this  question  in  all  cases  in  the  negative.  I  have 
observed,  says  he,  in  tbe  case  of  Daltontans  whose  eyes  are  brown,  of 
the  color  which  the  English  call  bazel,  a  golden  Instre  of  a  peculiar 
tint,  when  the  eye  was  viewed  under  an  Incidence  of  some  obliqaity. 

Color-blindness  is  found  much  more  common  among  men  than  women. 
Oat  of  one  hundred  and  fifty  registered  cases,  there  are  but  six  of  females, 
and  ono  of  these  is  doubtful.  It  h»3  been  conjectured  that  needle-work 
OD  a  variety  of  colored  articles,  might  be  the  means  of  counteracting  the 
tendency  to  tbis  defect,  as  well  as  to  produce  a  delicacy  of  discrimiDa- 
tion  of  different  shades  of  color  not  pos8esse<l  by  those  otherwise  em- 
ployed. But,  in  answer  to  this,  it  has  been  remarked,  that  in  the  case 
of  Daltomnos  engaged  in  painting,  there  hns  been  found  but  little,  if  any 
improvement  of  condition  of  the  vision;  and  tlie  very  employment  of  tho 
females  on  works  which  require  a  constant  comparison  of  color,  would 
daily  reveal  cases  of  blindness  of  tbis  kind,  did  it  frequently  exist  in  the 
(rmale  sex.  TLts  peculiarity  of  vision  is  principally  congenital.  Pro- 
fessor W.  has  found  but  two  exceptions.  In  one  of  these,  colors  were 
perceived  in  tbe  usual  manner,  nntil  at  tbe  ninth  year,  when  at  tbat  time 
tbe  boy  received  a  violent  blow  on  the  head,  which  fructnred  the  skoll, 
and  rendered  surgical  operations  necessary.  Tbe  fact,  however,  that 
three  of  the  brothers  of  this  individual  were  affected  with  tbe  same  kind 
of  vision,  renders  it  probable  (hat  he  was  constitutionally  predisposed  to 
this  pecaliarity. 

With  regard  to  hereditary  predisposition  there  are  some  persona  in 
whom  tbis  defect  of  vision  occurs,  whose  relatives  have  never  been 
known  to  be  affected  with  it;  others  appear  to  have  inherited  it  from 
their  fathers  tbrougli  several  generations,  both  on  the  maternal  and 
paternal  side.  The  boy  before  mentioned,  as  becoming  blind  at  tbe  age 
of  nine  years,  was  the  eldest  of  eleven  children,  seven  males  and  four 
females ;  these  were  singularly  divided  into  two  sets,  one  of  which  con- 
sisted of  individuals  with  blond  hair,  and  all  tbe  males  with  defective 
vision ;  the  other,  of  those  with  red  hair  and  ordinary  power  of  vision. 

Dr.  Seebeck,  as  well  ns  Professor  Wartmann,  has  made  a  series  of 
experiments  to  determine  whether  a  person  of  this  peculiarity  of  vision 
possesses  tbo  power  of  perceiving  differences  in  colors  which  appear 
identical  to  ns.  Tbe  result  of  the  investigations  of  both  these  philoso- 
phers was  tbat  he  does  not.  Another  problem  has  also  been  solved  by 
tbe  last-mentioned  gentleman,  in  referents  to  the  difference  betircen  a 
person  with  this  defective  vision,  and  oneof  ordinary  couditioued  sight,  in 
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tbe  perception  of  complementary  colors.  He  foand  that  colors  wbich 
we  regard  aa  complementary,  or  sach  as  when  mingled  together  produce 
white,  do  not  appear  as  snch  to  those  affected  with  abnormal  vision. 
They  are  not  however  insensible  to  accidental  colors,  bat  the  feeling 
wbicb  results  from  tbe  fatigae  of  attempUng  to  produce  these  appears  to 
be  more  painful  in  them  than  in  ns. 

Various  hypotheses  have  been  advanced  by  different  persons  for  tbe 
explanation  of  color-blindneas.  Mr.  Balton  supposed  that  his  pecaliarity 
of  vision,  as  well  as  that  of  those  whom  be  had  examined,  depended  on 
tbe  fact  that  the  vitreons  or  principal  bumonr  of  tbe  eye,  in  these  cases, 
instead  of  being  colorless  and  transparent  was  tinged  with  a  blue.  After 
bis  death,  in  obedience  to  bis  own  instruction,  his  eyes  were  examined 
by  bis  medical  attendant,  Mr.  Ranaome,  but  tbe  vitreous  humour  was  not 
found  to  exhibit  any  tinge  of  bine;  on  the  contrary,  it  was  of  a  pale 
yellow  color.  Objects  viewed  throngb  it  were  not  changed  in  color  as 
tbey  should  have  been  had  tbe  hypothesis  been  trne.  Indeed,  were  tbe 
supposition  correct,  the  same  effect  should  be  produced  by  blue  specta- 
cles, which  is  known  not  to  be  the  case. 

Stewart,  Heracbel  and  others  are  of  the  opinion  that  this  malady  of 
vision  is  attributable  to  a  defect  in  the  aensorium  itself,  which  renders 
it  incapable  of  appreciating  the  differences  between  tbe  rays  on  which 
tbe  sensation  of  color  depends.  Sir  David  Brewster  conceives  that  the 
eye,  in  the  case  of  color-blindness,  is  insensible  to  tbe  colors  at  one  end 
of  the  spectrum,  just  as  the  ear  of  certain  persons  is  insensible  to  sounds 
at  one  extremity  of  the  scale  of  musical  notes,  while  it  is  perfectly  sen- 
sible to  all  other  sounds.  He  knows  nothing  about  the  senaorium  or  its 
connection  with,  or  mode  of  operation  npon,  tbe  nerves  of  sensation ;  and 
from  the  analogy  of  sight  and  bearing,  be  has  no  hesitation  in  predicting 
that  there  may  be  found  persons  whose  color-blindness  is  confloed  to 
one  eye,  or  at  least  is  greater  in  one  eye  than  in  tbe  other.  Nor  is  this, 
says  be,  wholly  a  conjecture  from  analogy,  for  my  own  right  eye,  though 
not  a  better  one  than  tbe  left,  which  bas  no  defect  whatever,  is  more 
sensible  to  red  light  than  the  left  eye.  The  case  is  precisely  analogous 
with  respect  to  his  ears,  for  certain  sounds;  and  no  person,  it  is  pre- 
sumed, will  maintain  that  there  is  a  sensorium  for  each  ear  and  each  eye. 

Whatever  may  be  the  cause  of  the  inferiority,  there  exists  a  very  easy 
means  of  rectifying  it  to  a  certain  extent.  This  method,  first  used  by  Dr. 
Seebeck,  consists  in  viewing  colored  objects  through  colored  media. 
Suppose  the  medium  to  be  a  piece  of  red  glass ;  the  impression  of  a  red 
body  and  of  a  green  one  on  tbe  eye  of  a  person  like  Dr.  Diilton,  would 
be  different,  although  with  the  naked  eye  tbey  would  be  the  same.  The 
red  glass  would  intercept  much  more  of  tbe  light  of  tbe  green  object 
than  of  the  red  one,  ami  hence  tbe  two  wonid  be  readily  distinguishable 
by  a  difference  in  tbe  intensity  of  the  iUumioation  of  the  two  objects. 
Nothing  can  equal  tbe  surprise,  says  Professor  Wartmaun,  of  a  Dalton- 
tan  when  tbe  errors  wbicb  be  commits  every  day  in  the  appreciation  of 
colors  are  thus  disclosed  to  bim. 


REPORT  ON  THE  TRANSACTIONS  OF  THE  GENEVA  SOCIETY  OF 
PHYSICS  AND  NATURAL  HISTORY,  FROM  JUNE,  1874,  TO 
JUNE,  1876. 


Bt  E.  FuNTUfoUR,  PreMtHt. 
Trni>s1at«<l  for  the  SmithMnlan  InatitntioD  b7  M.  L.  Dimoaii. 


Gentlemen  :  I  shall  conform  to  tbe  established  usage  of  treating,  in 
the  first  part  of  this  report,  qaestions  relating  to  the  membership  and 
administration  of  our  society,  and  of  giving,  in  the  second  part,  a  saccioct 
statement  of  its  scientific  labors. 

Our  society  faas  met  this  year  with  a  very  great  loss  In  the  death,  at 
Geneva,  March  7,  1875,  of  Dr.  Ghossat;  if  medical  science  has  lost 
in  bim  one  of  its  most  dlstingnished  representatives,  ve  have  also  to 
monm  a  colleagae  who  felt  the  liveliest  interest  in  tbe  labors  of  the 
sodety,  in  which,  ttom  1830,  be  took  an  nctive  part,  and  of  which  he 
became  president  in  1863,  and  for  many  years  ponctnalty  attended  its 
neetiDgs.  Tbe  great  repatation  of  Chossat's  works  extended  far  beyond 
the  confines  of  Geneva,  and  exercised  a  remarkable  inflnence  on  tbe 
science  to  which  he  bad  devoted  himself;  he  was,  so  to  speak,  better 
koown  abroad  than  in  his  own  country,  where  he  was,  without  doubt, 
fnlly  appreciated  by  his  associates  of  the  Society  of  Medicine  and  Physics, 
bnt  where,  however,  the  inflnence  and  consideration  be  enjoyed  among 
bia  countrymen  bad  not  reached  the  level  of  his  repntation  abroad. 
Seing  myself  unacquainted  with  tbe  science  cnltivated  by  Dr.  Ghossat,  it 
vonld  be  very  difficnlt,  if  not  impossible,  for  me  to  give  an  even  imper- 
fect account  of  his  labors  and  life,  without  having  recourse  to  the  assist- 
ance of  a  more  competent  person  ;  it  is  to  tfaekindDesa  of  our  colleagae, 
Dr.  J.  L,  Provost,  tbat  I  am  indebted  for  the  following  notice : 

Dr.  Charles  £tienne  Jacques  Chossat,  horn  at  Carouge,  April  30,  ITOG, 
was  descended  fhini  a  French  family  originally  from  the  envirotis  of 
Valence,  who  had  taken  refuge  in  Geneva,  in  consequence  of  the  relig- 
was  persecutions  so  cruelly  waged  in  the  Cfivennes  in  the  eighteentb 
ceotary,  Chossat  first  studied  with  Pestalozzi,  and  on  leaving  the  lu- 
stitnt  d'Yverdon,  continued  his  studies  at  tbe  Academy  of  Geneva. 
While  still  young  he  evinced  a  very  decided  taste  for  the  natural  sciences 
and  medicine,  wbich  latter  he  intended  to  embrace.  Id  1813,  Chossat, 
tben  seventeen  years  of  age,  would  have  been  enrolled  in  the  Guard  of 
Honor  (gardes  ^honneur),  if  his  fiither  had  not  entered  him  as  a  student 
of  theology,  either  at  Geneva  or  Montanban.    This  decision  was  entirely 
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antagouistic  to  the  scieotiflo  tastes  of  GhOBsat,  who,  while  attending  tlio 
lectare-room  of  tbeology  to  please  his  parents,  was  secretly  studying 
auatomy,  ncder  the  auspices  and  direction  of  Dr.  Coindet,  then  at  the 
head  of  the  Hospital  of  Geneva,  who  gave  him  acuees  to  his  library  and 
to  the  hospital.  In  1815,  after  having  obtained  tlie  degree  of  bachelor  of 
scieuces,  Chossat  left  for  Paris,  where  he  zealously  devoted  himself  to 
the  medical  and  physiological  bciences,  under  the  auspices  of  Magendie, 
his  instructor,  and  at  a  later  date  hia  friend.  lu  addition  to  his  medical 
stadieSfhe  assiduously  attended  courses  of  lectures  on  physics,  by  Gay- 
Lussacand  Biotj  on  chemistry,  by  Thduard;  oncomparatireanatom^,  by 
Ouvier;  on  astrouomy,  at  the  observatory,  by  Arago;  and  on  the  differen- 
tial and  integral  calculus  and  applied  mechanics,  by  Lacroix  and  Poissou. 
These  nomerous  studies  did  not  prevent  him  from  undertaking  original 
researches,  for,  in  1S17,  Le  published  his  first  memoir,  "0»  the  relatioa 
of  the  sine  of  refraction  to  the  refracting  media  of  the  eye^;  and  the  year 
following  a  second  memoir,  "0»  the  curvature  of  the  media  of  the  esc" 

United  by  ties  of  friendship  with  one  of  his  former  school-compan- 
ions, Dr.  J.  L.  Provost,  fi'om  Edinburgh,  Cbossat  made  with  him,  in 
the  course  of  the  same  year  (1818),  a  great  number  of  esperimeutal 
researches  on  death  by  cold  aud  on  the  mechanism  of  refiigeration— 
experiments  briefly  stated  in  his  thesis  for  the  degree  of  doctor,  which 
was  the  object  of  his  labors  for  the  year  1819. 

In  1820  he  presented  to  the  Academy  of  Sciences  a  memoir  "On  the 
influence  of  the  nervous  system  on  animal  heat."  In  this  work,  which  he 
made  the  subject  of  his  thesis,  and  which  confirmed  the  former  researches 
of  Brodie  and  Legnllois,  he  attributed  to  the  ganglioniu  nervous  system 
the  power  of  directly  developing  heat,  independently  of  the  combnstion 
exercised  by  respiration.  His  conclusions  are  not  all  now  admitted,  bnt 
the  facts  observed  were  exact,  and  only  their  interpretation  has  varied 
since  then. 

After  having  received  the  degree  of  doctor  in  1820,  Cbossat  passed 
several  months  in  England,  where  his  scientific  researches,  already  known, 
caused  him  to  be  kindly  welcomed  by  Brodie,  Astley  Cooper,  Aber- 
netby,  Humphrey  Davy,  et  al.  He  visited  the  faculties  of  Edinburgh  and 
Dublin,  and  then  returned  to  Geueva,  whence  be  bood  set  out  as  private 
physician  to  an  Anstnau  countess,  with  whom  he  traveled  for  several 
years  in  Germany,  France,  and  Switzerland,  and  in  the  south.  During 
these  travels  he  made  prolonged  sojoDrns  in  the  most  Important  cities, 
passing  all  bis  winters  in  Italy,  which  be  learned  to  know  thronghly. 
Meanwhile,  however,  he  did  not  abandon  study  and  experiment;  it  is 
in  fact  to  this  period  that  we  trace  several  of  his  works.  It  was  dar- 
ing a  long  stay  at  Pisa,  in  1824,  tbut  be  completed  a  memoir  *<  On  tke 
analysis  of  tke  urinary  funotiona,"  in  which  he  sought  experimentally  the 
oircnmstances  in  man  infinencing  the  secretion  and  composition  of  urine. 
This  very  important  memoir,  which  contains  new  and  nnmerons  observa- 
tions, won  the  prize  for  experimental  physiology  at  the  Academy  of 
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Scieoces  in  1S25,  aD<l  was  ineerted  the  same  year  id  Magendie's  Joaraal 
of  Ph.vsiologj'.  It  was  at  the  same  time,  dartug  bis  winter  resideuce  in 
Borne,  Florence,  and  Naples,  that  be  began  liis  experimental  researches 
OD  ioanition,  a  work  to  which  he  consecrated  aeveral  years  of  diligent 
labor. 

In  1828,  Obossat,  leaving  Italy,  returned  to  establish  himself  perma- 
DCDtty  in  Geneva,  where  he  was  married;  from  that  period  he  divided  his 
time  between  the  duties  of  his  practice  and  his  scientific  labors.  Besum* 
iog  his  studies,  and  parsning  them  with  indefatigable  perseverance, 
he  presented  in  1833,  to  the  Academy  of  Sciences,  his  researches  "  On 
minition" — a  woik  remarkable  from  the  importance  of  the  results 
obtained  aud  the  inflneuce  it  soon  exercised  on  the  dietetics  of  acute 
diseases.  A  short  time  after,  this  memoir  gained  the  prize  for  esperi> 
mental  physiology,  which  won  fur  its  author,  from  the  year  134C,  the 
title  of  corresponding  member  of  the  Academy  of  Medicine  of  Paris, 
ind  in  18G5  the  cross  of  the  Legion  of  Uonor.  In  this  work,  Cbossat  col- 
lected and  grouped  the  results  of  his  researches,  some  of  which  had 
already  been  stated  in  several  notes  addressed  to  the  Academy  of  Sci- 
ences. He  studied  the  influence  of  the  deprivation  of  aliment  in  gen- 
eral, and  showed  that  an  animal  dies  when  it  baa  lost,  on  an  average, 
0.4  of  its  initial  weight.  With  warm-blooded  animals,  the  integral  loss 
seems  to  be  independent  of  the  class  to  which  the  subject  under  experi- 
ment beloDgs,  as  well  as  of  the  normal  weight  of  its  species.  This 
average  flgare  of  0.4  for  the  adult  animal  varies,  however,  in  its  already 
quite  ezteuded  limits,  according  to  the  strength,  age,  and  obesity  of  the 
subject.  With  a  very  fat  animal,  the  loss  might  be  increased  to  0.5, 
while  with  the  yonug  it  can  scarcely  exceed  U.2,  The  author  also  very 
carefully  studied  the  diminution  of  temperature  caused  by  inanition. 
These  data  are  of  essential  importance  in  the  treatment  of  diseases,  by 
showing  the  injurioas  influence  of  tco  restricted  a  diet. 

Chossat  then  studied  the  indneuce  of  the  deprivation  of  nitrogenous 
food  by  Bobjecting  animals  to  an  exclusively  sugar  diet,  as  well  as  the 
iofluence  on  the  skeleton  of  mineral  inanition,  or  of  the  deprivation  of 
saline  substances. 

It  is  impossible  t»  give  here  even  an  incomplete  summary  of  ati  au- 
thoritative work,  justly  become  classic,  aud  one  of  the  chief  sources  of 
Chossat's  fame.  In  this  work,  as  in  all  bis  otbei  researches,  Chossat 
distinguishes  himself  by  a  remarkable  scientific  conscientioosness,  a 
minute  exactness  in  his  experiments,  and  a  careful  and  truthful  analy- 
sis of  tacts.  The  author  excludes  every  doubtful  fact ;  and  it  is  only 
after  convincing  himself  of  bis  accuracy  by  new  researches  that  he  draws 
coDclusiona.  "  In  brief,"  said  Chossat,  and  it  is  in  this  way  be  ends  his 
memoir,  "  iaantliation*  is  a  cause  of  death,  which  marches  silently  and 

'SeeoD  tbe  subject  of  inonllCafion  the  folloniag  ooCe,  p.  9  of  the  memoir;  "I  find 
V>ThU  TSKtetfiilly  obliged  to  invent  a  netr  tann,  tiiongh  accordiog  to  grammatical 
•itUog;,  toexpreHthegiadiialpasaaKOortbe  body  toastateirbicb  is  onlf  really  iuaoi- 
tioD  It  tra  close.    Ioanition  Is,  covreclly  spoakio}!,  bnt  the  end  of  innDitiatiou."     ,  ,  [  , 
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abreast  ^ith  every  disease  in  which  the  alimentation  is  not  in  a  Dormal 
conditioD.  It  reaches  its  nataral  limit  sometimes  sooner  and  sometimes 
later  than  the  diseai-e  it  sileatl;  accompanies,  and  may  then  become  tbe 
principal  disease  in  instances  where  it  was  at  first  but  symptomatic.  It 
might  be  recognized  by  the  degree  of  the  deetrnction  of  tbe  mnscular 
fibers,  and  its  actual  importance  measured  each  moment  by  the  reiatire 
weight  of  the  body." 

Constantly  occupied  with  the  task  of  rerifying  and  completing  hia 
researches,  Gbossat  undertook  the  study  of  oateomalacy  by  saline  iDaoi- 
tiation,  when  in  1842  he  was  invited  to  constitute  one  of  the  board  of  pub- 
lic instraction.  Carrying  into  these  new  fanctioos  all  tbe  zeal  and  perse- 
verance whicbcbaracterizedbim,  he  was  obliged  to  abandon  bis  original 
scientific  researches.  Appointed  in  1815  member  of  a  commission 
charged  by  the  department  of  public  instruction  to  organize  a  system  of 
InBtruction  for  the  industrial  and  commercial  classes  of  the  cautoo  of 
Geneva,  be  drew  np,  as  reporter,  a  detailed  memoir,  the  oouclnsioos  of 
which,  logically  dednced,  were  applied  at  a  later  date. 

In  1S48,  tbe  board  of  public  instraction  was  dissolved,  and  Gbossat 
retired  again  into  private  life,  but  the  time  he  was  obliged  to  devote  to 
a  large  practice,  and  the  fatigue  attending  it,  forced  bim  relactantly 
to  renounce  his  original  labors,  which  he  felt,  he  sud,  that  he  bad  no 
longer  tbe  timeand  strength  to  contiuae  in  a  regular  manner.  AlthODgh 
he  gave  up  writing,  he  still  continued  to  occnpy  himself  with  the  most 
Taried  scientific  and  literary  subjects.  The  taste  for  reading,  which  he 
indulged,  finally  became  a  veritable  passion,  and  even  in  the  last  years 
of  bis  life  he  kept  himself  informed  of  all  the  principal  scientific  discov. 
eries,  not,  however,  neglecting  for  this  the  ancient  writers,  especially 
Plato,  npon  whom  he  loved  to  meditate. 

Attacked  byanorganicdisease  of  the  stomach,  which  made  rapid  pro- 
gress in  a  body  worn  out  by  intellectual  and  physical  labors,  Ohossat 
awaited  bis  end  with  resignation,  preserving  bis  faculties  to  the  last 
moment  sufficiently  to  be  able  t«  announce,  himself,  to  his  family,  some 
hours  before  dying,  the  precise  moment  of  bis  death.  This  distingaished 
scientist  died  March  7, 1S75,  in  the  seventy-ninth  year  of  his  age. 


The  society  bad  to  award  this  year  the  prize  founded  by  A.  P.  De  Can- 
dolle.  The  prize  was  adjudged  to  Professor  Badlhofer,  of  Munich,  for 
a  monograph  on  the  Sapindaceons  family. 

The  second  part  of  volume  xxiii  of  the  memoirs  of  oor  society  ap- 
peared during  the  course  of  last  nutamn ;  the  first  part  of  Tolnme  xxir 
is  now  in  press,  and  includes  the  second  part  of  the  memoir  of  Messrs. 
de  Loriol  and  Pellat. 

The  Geological  Society  of  France  having  commnnicated  its  desire  to 
meet  in  Geneva  in  1S75,  to  bold  tbere  a  portion  of  its  anunal  session, 
the  society  appointed  a  committee,  composed  of  MM.  Alphonse  and 
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Ernest  Fsvre,  de  Loiiol,  cle  Saaesare,  and  Soret,  to  arrange  ibis  mat- 
Ur.  Tbis  committee,  which  had  the  power  of  adding  new  members, 
vaa  commissioned  to  talie  measures  for  the  reception  of  the  Geological 
Society  daring  its  stay  in  Oeneva. 

b£sum£  of  scientific  work. 

1.  Physical  sciencet. — Professor  Colladon  read  before  as  a  memoir  in- 
serted in  No.  212  of  the  Archives  de»  Sciences  Fhysiquet  et  Katurtlles 
(Archives  of  the  Pbysiciil  and  Natural  Sciences),  October,  1874,  on  the 
vestiges  of  a  former  bed  of  the  Arve,  discovered  by  digging  for  the  found- 
lUioDs  of  the  new  theater.  The  excavations  made  on  this  occasion,  at 
the  foot  of  the  terraces  of  Treille  and  Tertasse,  disclosed  the  presence 
ofa  t)ank  of  gravel  and  sand  from  3.1  to  2.5  metres  (7  to  8  feel)  in  depth, 
iyiog  on  a  bed  of  clay  whose  upper  surface  is  0.85  metre  (33  inches)  below 
ihe  mean  level  of  tbe  waters  of  the  lake  at  the  present  time.  The  orienta- 
tion of  the  Btonea  and  pebbles  forming  this  b  ank  indicates  that  it  must 
bare  been  deposited  by  a  current  flowing  from  the  southeast  toward  the 
northwest,  and  the  chemical  and  mineralogical  composition  of  the  sand 
is  absolutely  identical  with  that  of  the  sand  now  drifted  by  the  Arve, 
and  proceeding  ftom  the  rocks  forming  the  chain  of  Mont  Blauc.  There 
can  then  be  no  doubt  that  at  the  era  wbeu  this  deposit  was  formed,  the 
Arve  emptied  into  the  lihonc,  very  near  its  issue  from  the  lake,  and 
vithio  the  inclosure  of  the  present  city,  whereas  the  contluence  is  now 
more  than  a  kilometer  (about  a  mile)  down  stream.  The  existence  of 
this  bank  of  gravel  and  sand,  at  different  points  of  tbe  plain  of  alln- 
viam,  comprised  between  the  city  and  the  present  bed  of  the  Arve,  had 
already  been  estAblisbed  on  several  occasions ;  audit  might  therefore 
be  concladed  that  tbe  direction  of  tbe  current  of  tbe  lower  portion  of 
tbe  Arve  has  gradually  changed  in  the  coarse  of  centuries,  and  that 
after  flowing  by  the  foot  of  the  hill,  on  which  tbe  most  ancient  part  of 
tbe  city  is  built,  the  river  empties  into  the  lihone  at  the  foot  of  tbe  bill 
OD  which  the  forest  of  Batie  is  found.  The  era  to  which  the  deposit  of 
gravel  mentioned  by  M.  UoUadon  dates  back  does  not  appear  to  be  very 
remote,  not  exceeding  twenty  or  thirty  centuries,  as  within  the  interior 
of  these  ancient  strata,  which  have  never  been  touched,  are  found  frag* 
meats  of  bricks,  and  even  pieces  of  wrought  iron  very  much  rusted. 
The  fact  that  the  upper  surface  of  this  deposit  is  about  1.5  metres  (5 
feet]  above  the  mean  level  of  the  waters  of  the  lake  at  this  present 
time  is  mentioned  by  M.  Colladon  as  proof  that  this  level  must  have 
been  sensibly  higher  by  at  least  two  metres  (CJ  feet)  at  the  period  of  its 
formation. 

Dr.  F.  Florel  commtmicated  a  memoir,  inserted  in  Ko.  205  of  tbe  Ar- 
ekires,  January,  1875,  on  the  configuration  of  the  bottom  of  Lake  Le- 
man,  in  accordance  with  the  four  maps  of  the  topographical  atlas  of 
Sttii/iTlaiid,  pnlilishod  bv  tlie  Federal  Bureau  of  the  Staff  Office.  These 
foar  loaps,  drawn  on  a  seuk'  of  a,  Ji,5>  according  to  tbe  notes  and  s 
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ings  taken  by  the  engineer,  M.  Ph.  GoBset,  include  tbe  Swiss  bank 
of  tbe  lake,  from  SaJat  Salpice  to  Saint  Saphorin,  with  the  opposite 
banli  and  the  intermediary  basin,  which  attains  at  this  place  its  greatest 
depth  of  334  metres  (1,000  feet)  below  the  snrface.  The  same  nnmber  of 
tbe  ArcMte»  contains  a  memoir  of  M.  Ed.  Pictet-Mallet,  read  before  the 
society  daring  it»  eession  of  January  7, 1875,  and  relating  to  an  analo- 
gous snbject.  M.  Pictet-Mallet  undertook  the  task  of  representing  on 
a  chart,  projected  on  a  scale  of  75^55,  and  traced  with  contonr-corves 
at  eqaidistant  levels  of  5  metres,  ( 10  feet)  the  configaration  of  the  bottom 
of  the  lower  part  of  Lake  Leman;  that  is,  tbe  space  comprised  between 
Coppet,  Eermance,  and  Geneva.  The  portion  of  this  work  nearest  the 
city  is  not  yet  completed,  but  it  contains  a  thorough  discussion  of  tbe 
advantages  and  disadvantages  of  tbe  different  methods  that  may  be 
followed  in  the  operation  of  sonndings,  and  qnite  siogalar  details  aboat 
the  inequalities  of  bottom  presented  by  tbe  lake  in  the  portion  that  has 
been  explored. 

M.  Plantamour  gave  a  eammary  of  the  observations  relating  to  the 
variations  of  the  level  of  the  lake  during  the  year  1874,  By  the  indica- 
tions of  tbe  limnimeter  of  the  Jardin  Anglais  (Eoglisb  Garden),  the 
mean  annual  level  was  witbio  two  millimetres,  (one  twelfth  of  an  inch), 
tbe  same  as  that  deduced  from  tbe  thirty-six  preceding  years,  but  with 
a  greater  annual  variation  than  usual,  say  1.C9  metres  (67  inches),  instead 
of  1.44  metres  (57  inches).  From  February  to  Jane,  the  level  was  below 
the  mean:  the  absolute  minimum  occnrred  ou  the  lOtb  and  11th  of  March, 
and  was  0  centimetres  (4  inches)  below  the  mean  annnal  minimnm. 
Fer  contra,  from  July  to  October,  the  level  was  above  tbe  mean,  and 
the  absolute  maximam  exceeded  by  16  ceotimetres  (6  inches)  tbe  mean 
level  of  high  stages  of  water.  The  gauges  established  at  two  other 
points  of  the  canton  of  Geneva,  at  S^cheroa  and  Genthod,  and  at  three 
other  points  on  the  Vaadois  shore,  Ouchy,  Vevey,  and  CbilloQ,  the  daily 
readings  of  which  were  transmitted  by  the  engineer  of  tbe  canton  of 
Vaudois,  (M.  Gonin,)  admitted  of  a  comparison  being  made  from  day  to 
day,  and  from  month  to  month,  of  the  level  of  the  lake  on  the  right  shore 
along  its  entire  length ;  the  zeros  of  all  the  scales  of  the  gauges  baviog 
been  made  to  correspond  in  the  operations  of  running  tbe  level  of  Swits- 
erland.  By  these  obaervattoos  it  is  ascertained  that  tbe  iaclinatioo  of 
the  lake  is  almost  insensible  from  its  upper  extremity  to  1^  kilometres  (1 
mile)  above  tbe  city  of  Geneva,  the  admitted  level  at  S^oberoo  being 
during  the  entire  year  within  a  few  millimetres  tbe  same  as  at  Yevey  and 
Ghillon,  and  the  chance  depressions  shown  by  the  deviations  among  the 
beighta  observed  on  tbe  same  day  from  one  extremity  to  the  other  be- 
ing very  small  and  limited  to  a  few  centimetres.  From  Sfeheron  to  the 
limnimeter  of  the  Jardin  Anglais,  the  slope  is  very  appreciable,  as  might 
have  been  expected  from  the  existence  of  a  very  sensible  current  in  the 
immediate  vicinity  of  tbe  city ;  moreover,  the  inclination  varies  with  tbo 
season ;  it  is  very  slight  in  winter,  and  at  the  opening  of  spring,  at  tbe 
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time  of  low  water,  and  it  is  from  5  to  C  centimetreB  (2  inches)  great4>r  Id 
summer  at  the  time  of  high  water.  If  tlie  level  of  the  water  is  sensibly 
tUe  same  dariug  the  whole  year  at  OhilloD,  Yevey,  and  S^cberon,  the 
obserratioos  taken  at  Oachy  show  a  level  lower  by  2  ceDtimetres  (I  iuch), 
ami  at  Gentliod,  od  the  cootrary,  higher  by  2  centimetres,  the  difference 
remainiugalsoseosibly  constant  during  the  whoteyear  1874.  The  obser- 
vations taken  in  the  three  preceding  years  at  (Jbillou,  Yevey,  and  Onchy 
cooGrm  the  constant  depression  of  level  at  the  latter  place  relatively  to 
tliG  other  two.  It  would  appear  difficult  to  attribute  this  anomaly  to 
errors  in  the  agreement  of  the  zeros  of  the  different  scales;  yet  new 
measnrea  of  verification  will  Ue  taken  to  put  the  fact  itself  beyond  all 
question. 

Jf.  Plaotamonr,  Id  conjnnction  with  Professor  Hirsch,  presented  the 
results  of  the  latest  operations  of  leveling;  these  results  are  recorded 
in  the  fifth  number  of  the  Topography  of  Switzerland,  published  by  the 
Pederal  Geodetic  Commission. 

Professor  Thury  presented  a  memoir  on  photometry,  and  ou  an  astro- 
Domical  photometer  of  bia  own  invention ;  this  memoir  was  inserted  in 
!fo.202ofthejlrcAit)««,Kovember,  1874.  Professor  Tbury'a photometer  is 
construeted  upon  the  system  of  the  extinction  of  the  light  of  a  star,  an 
utiuoliOD  produced  by  the  reduction  of  the  aperture  of  the  object-glass 
by  the  help  of  a  diaphragm,  or  by  the  refiection  of  pencils  of  rays 
by  a  system  of  mirrors.  The  diaphragm  in  this  apparatus  consists  of 
16  tliin  rectangular  plates,  capable  each  of  sliding  in  the  direction  of 
its  length  and  in  the  direction  of  the  center  of  the  object-glass.  By  a 
very  ingeDiona  mechanism,  the  movement  of  these  16  plates  is  so  co-ordi- 
nated that  their  small  interior  sides  form  a  regular  polygon,  the  diame- 
ter of  which  can  vary  from  zero  to  the  diameter  of  the  object-glass.  In 
order  to  prevent  the  inconveniences  resulting  from  false  disks,  produced 
by  too  great  a  diminution  of  the  aperture  of  the  objective,  a  diminution 
wbidi  might  be  necessary  to  brinf;  about  the  extinction  of  a  brilliant 
star,  Professor  Thury  hae  recourse  to  the  interposition  of  one  or  two 
black  mirrors  perfectly  plane,  and  receiving  the  incident  ray  at  an  angle 
of  45°.  The  extinction  of  the  light  can  be  produced  either  by  the  dimi- 
nution alooe  of  the  aperture  for  a  star  of  moderate  brilliancy,  or  by  tbe 
interposition  of  one  or  two  mirrors,  according  to  the  brightness  of  the  star, 
and  not  reducing  the  opening  below  0.23  of  the  total  aperture.  In  each  of 
these  three  cases  the  position  of  the  eye-glass  is  of  coarse  different. 

Professor  Thary  also  presented  a  memoir  on  tbe  experiments  he  made 
ID  connection  with  Ur.  Minnieh,  relative  to  a  disengagement  of  elcctri- 
eity  from  tbe  thermal  waters  of  Baden  (Aargan).  These  experiment?, 
which  appeared  in  No.  205  of  the  Arckivea,  January,  1875,  furnish  the 
means  of  verifying  the  existence  of  a  very  decided  electric  current,  which 
is  revealed  by  the  galvanometer,  when  by  means  of  electrodes  the  water 
of  tbe  Limmat  is  placed  in  communication  with  the  thermal  spring,  the 
direction  of  the  deviatiou  indicating  that  the  mineral  spring  is  electrified 
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negatively.  Professor  Thury  ioteoda  resamiDg  aiid  coutiDaing  these 
experi  meats. 

M.  Soret  read  before  tbe  society  a  memoir,  inserted  in  No.  199  of  the 
Arekivea,  ander  date  of  Jaly,  1874,  on  jiolarizatiOD  by  diffusion  of  light. 
He  described  and  diacnssed  in  his  memoir  the  experimeutB  that  he  made 
on  the  reflecting  power  of  flames  on  the  proper  colors  of  bodies,  and  on 
tho  cause  of  the  illumination  of  transparent  bodies  and  tbe  diffusion  of 
light}  experiments  iu  which  be  studied  a  large  number  of  crystalline 
substances,  such  as  qaartz,  diamond,  rock-salt,  etc 

M.  Soret  also  presented  a  memoir  on  the  phenomena  of  diffraction 
produced  by  a  circular  grating,  a  paper  inserted  in  April,  1875,  in  No. 
208  of  the  Archives.  He  gives  tbe  name  of  circular  grating  to  opaque 
screens  pierced  by  a  series  of  circular  openings  presentingtbe  form  of  coD- 
ceotric  rings.  He  further  indicates  the  method  be  took  for  constructiog 
such  a  grating,  and  for  producing  upon  a  glass  plate  of  small  dimensions 
a  series  of  19C  concentric  rings,  alternately  transparent  and  opaque,  the 
central  part  being  transparent  in  tbe  positive  grating  and  opaque  in 
the  negative  grating;  and  tbe  radii  of  tbe  circles  bounding  these 
rings  increasing  proportionally  to  the  square  roots  of  the  series  of  nat- 
ural numbers.  He  has  shown  that  a  circular  grating  of  this  kind  can 
perform  the  office  of  a  uon-acbrooiatio  object-glasa;  an  inverted  image 
is  produced  of  a  distant  luminous  ottject,  and  this  image  passes  through 
the  different  colors  of  the  spectrum,  according  to  the  distance  of  the 
grating. 

M.  K.  Fictet  communicated  tbe  results  of  bis  experiments  made  in 
Egypt  on  the  propagation  of  tbe  caloriflo  rays  of  the  suu  through  differ- 
ent substances,  sand  among  others.  He  undertook  to  verify  the  idea  ex- 
pressed by  M.  Soret,  that  sand  acts  after  tbe  manner  of  a  plate  of  glass ; 
that  is  to  say,  it  would  be  found  diatbermanous  to  luminous  beat  and 
athermanous  to  dark  heat.  M.  Fictet  found,  in  fact,  in  the  action  of 
temperature,  more  agreement  of  sand  wilb  glass  than  with  other  sub- 
stances, such  as  wood  or  sbeet-iron,  even  when  tbe  latter  were  painted 
the  color  of  sand. 

Tbe  same  member  explained  to  tbe  society  a  new  process  for  the  mana- 
&cture,  on  a  large  scale,  of  sulphurous  acid,  which  consists  in  ponriug 
sulphuric  acid,  drop  by  drop,  on  sulphur,  heated  to  from  300°  to  35IP 
C.  (572° — G62°  F.],  in  a  cast-iron  retorC  He  stated  some  of  tbe  proper- 
ties of  tbe  sulphurous  acid  prepared  iu  this  way,  as  well  as  those  of  the 
sulphite  of  water,  obtained  by  the  addition  of  water  iu  a  determined 
proportion. 

it.  E.  Demole  read  a  work,  inserted  in  No.  201  of  the  Archivee,  De- 
cember, 1871,  on  tbe  question  of  molecular  transpositions  in  the  arumatio 
series.  Taking  up  again  tbe  experiments  of  M,  Lautemaun  on  the  prod- 
ucts of  tbe  distillation  of  oxysalicylic  acid,  M.  Demole  reached  the  con- 
clusion that  the  products  obtained  by  the  latter  were  due  to  the  circum- 
bi^ini^ti  that  tbe  oxysalicylic  acid  employed  was  not  pure,  but  contained. 
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protO'Catechio  acid.  With  pare  osysalicytio  acid,  M.  Denole  obtained 
bydroqainine  nod  a  Binall  quaatity  of  pyrocatechiae.  Tbe  foriuatiou  of 
these  tvo  diozybenzols  is  »  curious  fact,  the  theoretical  explanation  of 
which  is  atill  rather  obacnre. 

The  same  member  coaimauicated  a  memoir,  pnblisbed  Jaonary,  1875, 
Id  No.  205  of  tbe  Arckivea,  on  tbe  reaction  of  tbe  bromide  of  ethylene 
00  dilated  alcohol,  in  presence  of  the  acetic  ethers  of  glycol.  M.  Demote 
made  numerous  experiments  for  the  purpose  of  explaining  tbe  formation 
of  the  products  dae  to  this  reaction,  namely,  of  glycol,  bromhydrine, 
aeetate  of  ethyl,  and  bromide  of  ethylene. 

2.  natural  tciencet. — Prof.  A.  Favre  submitted  a  communication  on 
the  altitade  of  the  glaciers  at  the  Glacial  era,  and  the  height  that  most 
be  attributed  to  the  summits  of  the  Alps,  if  the  slope  of  the  glaciers 
vere  the  same  at  that  time  as  at  the  present  day.  Among  the  maps 
of  tbe  topographical  atlas  of  Switzerland,  esecated  by  the  Federal 
Bareau  of  the  Staff  Office,  there  are  some  referring  to  tbe  Bernese 
Jora,  in  which  are  fonnd  represented,  on  tbe  flanks  of  the  Chasseral, 
erratic  blocks  of  considerable  balk,  at  altitudes  varying  from  1,200  to 
1,300  metres  (aboat  4,000  feet).  These  blocks  have  drifted  from  the 
monntsina  which  command  the  present  glaciers  of  the  Rhone,  and  are 
360  kilometres  {162  miles)  distant  from  the  Chasseral.  By  assuming  that 
the  glaciers  of  the  glacial  era  had  a  slope  equal  to  the  minimum  slope  of 
the  present  glaciers,  namely,  from  2  per  cent,  to  1)  per  cent.,  tbe  result 
would  be  a  difference  of  altitude  of  5,200  and  3,900  metres,  (17,0U0  and 
13,000  feet)  respectively,  between  the  upper  and  lower  part.  From  the 
altitode  of  the  latter,  which  is  1,300  metres  (4,000  feet),  there  would  re- 
salt  6,500  or  5,200  metres  {20,000  or  17,000  feet),  for  that  of  the  upper 
part,  or  a  sum  greatly  escecding  the  height  of  tbo  Galenstocfc,  one  of 
the  most  elevated  snmmits  borclcring  on  tbe  glaciers  of  tbe  Bhoue,  which 
rises  to  a  height  of  3,600  metres,  (12,000  feet).  "We  would  thus  have 
to  admit  that  either  tbe  height  of  tbe  Alps  at  tbe  Glacial  era  greatly 
eiceeded  tbe  present  height,  or  that  tbe  slope  of  tbe  glaciers  was  con> 
nderably  less.  This  last  hypothesis  is  qnite  admissible  from  the  results 
of  tbe  recent  explorations  of  tbe  polar  regions,  ei^peciuily  those  of  Green- 
land, bat  nothing  forbids  the  admission  of  tbe  combined  action  of  both 
causes. 

Professor  Favre  also  presented  a  memoir  on  (be  recession  of  the  gla- 
cier of  tbe  BossoDS  of  late  years,  and  on  the  relation  between  the  ad- 
vance and  retreat  of  glaciers  and  the  atnioapheric  eonditiooi,  especially 
the  summer  temperature,  lu  tbe  last  eight  years,  included  between 
Joly,  1866,  and  June,  1874,  tbe  glaciers  of  tbe  Bossous  reccdi'd  212  metres, 
(696  feet), and  at  the  latter  date  it  was  082  metres  (2,2  40  feet)  in  rearof  the 
point  it  had  reached  in  1818,  the  epoch  of  its  greatest  development  in  this 
century.  If  within  late  years  the  retreat  of  tbo  glaciers  can  be  ciiplained 
by  the  elevation  of  the  mean  temperature,  especially  in  Ibu  summer 
months,  their  development  at  an  anterior  period  can  likewise  be  nttii  bated 
14  8  nOCH^IC 
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to  the  effect  of  A  series  of  cold  and  wet  years.  Tbe  series  of  meteorological 
observatioDS  conducted  at  tlie  foot  of  the  Alps,  in  Switzerland,  do  not 
go  far  enongh  back  to  enable  us  to  compare  the  year  1816  and  tfaoae 
immediately  preceding  or  following  it  with  tbe  mean  temperatnies 
<lednced  from  a  great  nnmber  of  years.  M.  Pavre  was  only  able  to  in- 
stitute the  comparison  by  the  observations  made  at  the  observatory  of 
Paris  from  the  beginning  of  the  centnry ;  these  observations  show  for 
Paris  A  series  of  cold  years  fh>m  1810  to  1818,  in  which  the  lowering 
of  tbe  temperature  was  more  marked  in  tbe  snnimer  months,  when  the 
thawing  of  tbe  ice  especially  takes  place.  If  we  cannot  admit  a  com- 
plete parallelism  between  tbe  course  of  the  temperature  at  Paris  and  at 
the  foot  of  tbe  Alps,  still  the  alternations  of  dry  and  hot  years  and  cold 
and  wet  ones  must  afford  a  certain  analogy,  becaase  they  are  due  to  gen- 
eral phenomena,  embracing  a  considerable  part  of  the  surface  of  the 
globe. 

M.  Ernest  Favre  presented  a  summary  of  the  work  he  is  now  pnb- 
lishing  In  the  Memoirs  of  the  Helvetic  Society  of  Natural  Sdences,  on 
tbe  geology  of  the  central  Caucasian  chain ;  this  work  is  the  result  of  the 
exploration  recently  made  of  that  region,  and  is  accompanied  by  a  geolog- 
ical chart  and  numerons  cats.  M,  Ernest  Favre  read  a  memoir  on  the  geo- 
logical structure  of  the  sontbem  part  of  the  Crimea;  among  tbe  other  con- 
clusions of  tbia  work,  M.  Favre  expresses  tbe  idea  that  the  Crimean  chain 
is  not,  as  was  thought,  a  prolongation  of  the  northern  chain  of  the  Cau- 
casus; the  prolongation  of  the  latter  to  the  northwest  connects  with 
the  granitic  zone,  which  reaches  into  Poland  and  into  the  east  of  Europe. 
The  Crimea  is  left,  by  this  prolongation,  to  the  south,  aud  seems  rather 
to  belong  to  the  mountains  of  Turkey  and  Asia  Minor. 

The  same  member  finally  communicated  the  results  of  an  exploration 
recently  made  by  him,  of  a  mountain  of  the  Voirons,  with  the  view  of 
verifying  the  geological  section  of  that  mountain,  given  by  his  father  in 
bis  work  on  the  geology  of  Savoy.  He  was  enabled  by  this  new  examina- 
tion to  confirm  tbe  perfect  accuracy  of  the  section  as  published. 

Professor  Renevier  presented  to  the  society  geological  tables,  which 
are  more  especially  intended  for  facilitating  tbe  teaching  of  geology  and 
the  study  of  the  sedimentary  rocks  during  the  organic  eras  of  tbe  globe. 
These  tables  contain,  under  a  synoptical  form,  all  the  data  relating  to 
tbe  saccessiou  of  the  rocks,  their  geological  age,  their  area,  aud  their 
most  characteristic  fossils. 

Professor  de  Oandolle  communicated  tbe  results  of  his  experiments 
for  studying  tbe  manner  in  which  buds  receive  the  impression  of  the 
beat  that  promotes  their  unfolding ;  he  reaches  tbe  conclusion  that  tbe 
beat  is  collected  as  well  by  the  wood  that  bears  the  bud  as  by  tbe  bad 
itself. 

M.  Duby  read  a  memoir  on  some  new,  or  but  little  known,  mosses, 
drawn  lurgly  from  the  Delessert  colleetiou,  and  tbe  description  of  which 
is  illustrated  by  plates.  He  discovered  among  these  mosses  a  new  kind, 
altogether  anomalous,  to  which  he  ~ —  '^-  name  of  R^enocleittoH. 
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11  de  Sanssure,  io  prescoting  to  tbo  society  tbe  third  part  of  bis 
stadies  of  tbe  Orthoptera,  wbicb  Is  devotad  to  tbe  family  of  the  Qryllida, 
gives  ft  few  details  of  tbe  musical  organ  witb  wbicb  tbo  moles  of  tbis 
family  are  endoireil.  Tbe  siogiDg  is  produced  by  the  intercrossiDg  and 
rery  rapid  frictioo  of  tbe  two  elytra  against  each  other.  He  Bhows  tbe 
series  of  transformations  that  tbe  elytron  aodergoes  in  the  male  to  ren- 
der tbe  productioD  of  a  sonnd  possible,  whereas  witb  the  females  tbe 
elytron  remains  in  the  normal  state. 

U.  Fatio  read  a  memoir  on  the  different  developmeut  of  tho  pectoral 
fins  in  the  two  sexes  among  some  fisb  of  the  genus  Cyprintia,  which  live 
in  the  waters  of  onr  environs,  especially  among  the  minnows.  With 
these  fish,  particularly  in  the  rutting  season,  the  swelling  and  develop- 
nient  of  some  of  the  larger  rays  of  tbe  males  hare  the  effect  of  expelling 
aod  caosing  tbe  disappearance  of  tbe  smaller  rays,  so  that  their  nam- 
ber  is  reduced  to  ten,  aud  even  to  six  only,  while  in  the  female  the  rays 
are  always  very  slender  and  from  fourteen  to  sixteen  in  number. 

Tbe  same  member  commnuicated  a  memoir  on  a  curious  case  of  mela- 
nism, of  Dodose  melanosis,  which  is  sometimes  observed  in  flab  of  the 
genus  Ci/prinua,  and  which  is  due  to  the  presence  of  a  small  parasite 
which  M.  Humbert  recognized  aa  a  helminth.  These  two  inemoifB 
were  published  in  So.  ^05  of  tbe  Archives,  of  January,  1875. 

Dr.  Fol  presented  a  summary  of  researches  made  by  himself,  on  the 
development  of  tbe  egg  of  tbe  Medusa  and  tbe  Pteropodons  Mollasks, 
daring  his  stay  at  Messina;  he  studied  particnlarly  the  mode  of  formation 
of  the  egg-shell  of  tbe  latter. 

Tbe  same  member  commanicated  the  principal  results  of  tbe  iuvesti- 
gations  to  which  be  had  been  devoting  himself  for  some  years,  into  the 
devolopment  of  the  nervous  system  aud  the  sexual  organs  of  the  Mol- 
luka.  M.  Fot  studied  in  tbe  embryos  of  Pteropoda  (which  more  par- 
ticularly favor  these  researches),  tbe  mode  of  formation  of  tbe  nervous 
system,  as  well  as  tbe  organs  of  faeariug  and  sight.  Finally,  M.  Fol  com- 
manicated the  results  of  some  observations  made  by  him  at  Messina, 
upon  tbe  origin  of  the  generative  organs,  male  and  female.  These  in- 
Testigations  led  bim  to  adopt  tbe  views  of  AI,  Ed,  Van  Benedeu  on 
this  subject. 

Dr.  Provost  presented  the  results  of  some  experimeuts  be  recently 
made  on  the  physiological  properties  of  the  Jaborandi.  The  effects  pro- 
duced by  an  iufusiou  of  tbis  plant  are  quite  similar  to  those  produced 
by  tbe  muscarine,  consisting  in  a  powerful  salivation,  and  in  a  general 
way  in  an  exaggerated  secretion  of  all  tbe  glands  except  the  kidneys. 
Atropine  may  be  considered  ns  antagonistic  to  this  new  substance,  aa 
well  as  to  the  muscarine ;  it  can,  in  fact,  be  employed  to  arrest  the  sali- 
vation produced  by  the  two  otbor  poisons. 

Independently  of  these  memoirs  read  before  the  society,  a  large  nnm- 
Iwr  of  different  communications  were  made,  and  reports  of  disooveries. 
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and  labors  abroad.  In  this  iTay,Prore8GorGaiitiercoDtiDaed  to  keep  the 
society  informed  of  tb©  progrees  in  BstroQomy,  and  in  tlie  pbysics  of  tbe 
globe,  by  comuianiciLlionsou  Tarions  snbjecte,  sach  aa  tbe  preparations 
for  the  observation  of  tbe  transit  of  Yenua  by  tbe  English  ex|)editioo, 
from  the  Annual  Keport  of  the  Royal  Astronomer;  observations  made 
at  the  Itoman  College  on  magnetic  variations  and  tbeir  relations  with 
the  maxima  and  minima  of  solar  spots ;  appearance  of  the  belts  of  Jopi- 
ter,from  a  memoir  pablished  in  tbeSIonthlyNoticesf  a  aev  theory  of  tbe 
anrora-borealif),  from  a  memoir  by  M,  Gronemann,  inserted  in  the  Astro- 
nomiBche  S'achrickten;  a  memoir  of  II.  Montigny  on  scintillation;  the 
orbit  of  Coggia's  comet  and  tbe  phenomena  presented  by  it  during  Its 
apparition;  the  present  state  of  oor  koovledge  of  the  small  planets; 
finally,  the  work  of  F6re  Boaa  on  the  variableneBS  of  the  solar  diameter. 
The  same  member,  while  annoancing  to  the  society  the  deaths  of  tbe  as- 
tronomers ArgelSnder  and  Mfidler,  gave  a  sketch  of  the  character  and 
works  of  these  scientists. 

M.  Soret  gave  a  description  of  a  new  thermometer  invented  by  Ne- 
gretti  in  London,  for  measuring  the  temperatareof  waterat  greatdepths, 
without  having  reconrse  to  the  index ;  tbe  same  apparatns,  placed  fn 
commnnication  with  an  electric  cnrrent,  which  reversed  it  at  a  deter- 
mined instant,  might  serve  to  record  the  temperature,  without  neces- 
sitating a  direct  reading  nt  the  same  moment.  M.  Plantamour  baa  sent 
for  one  of  these  instiuments,  with  which  he  proposes  to  measure  the  tem- 
perature of  the  lake  at  different  depths. 

Professor  Wartmann  presented  a  r&utnS  of  M.  Jamin's  method  for 
the  study  of  magnetism,  and  of  some  of  the  results  obtained.  M.  B.  Pic- 
tet  gave  some  details  of  the  exceptionally  great  rise  of  tbe  Kile  in  1874. 
The  same  member  described  Boulanger's  teleometer. 

Professor  Marignac  gave  an  account  of  a  work  by  Dr.  Wagner  on  the 
antisei)tic  properties  of  salycilic  acid. 

M.  E.  Ador  presented  to  the  society  a  glass  jar  containing  meat  pre- 
served for  nearly  two  months  byM.de  Herzen's  process;  this  meat  was 
as  fresh  as  on  the  first  day,  and  had  undergone  no  change. 

Prof.  A.  Favre  gave  an  accoaut  of  a  work  by  M.  Zittel  on  tbe  glacial 
terrain  of  the  south  of  Bavaria. 

M.  E.  Fuvre  mentioned  a  work  on  comparative  geology  by  M.  Stan- 
islas Meunier,  and  a  work  by  M.  Stoiipaai  on  tbe  glacial  terrains  of 
tbe  southern  slopes  of  tbe  Alps.  The  Siime  member  made  a  communi- 
cation on  some  implements  be  had  seen  at  Basle,  at  tbe  residence  of 
SI.  Itutimeyer,  and  which  were  found  in  the  lignites  of  Wetzikoo.  These 
implements  give  evidence  of  tbe  presence  of  men  in  Switzerland  before 
the  second  Glacial  period. 

Professor  Candolle,  when  presenting  to  the  society  his  notice  of  M. 
Ueisner,  accompanied  it  with  some  details  relative  to  the  botanist  of 
Basle.  Tbe  same  member  gave  a  recapitulation  of  Mr.  Asa  Orayfs  work 
OD  the  nataral  extinction  of  varieties  of  I'rnit-trees,  and  also  the  lesolts 
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obtaiDed  from  the  restoration  of  the  growth  of  trees  to  the  Island  of 
ABcensioD,  from  an  article  by  Mr.  Bell,  inserted  in  tbe  Gardener's  (3bron- 
icie. 

li.  Micheli  presented  a  branch  of  the  genus  JVctu  repens  bearing  fruit, 
which  ia  remarkable  from  an  extraordinary  transformation  of  tbe  leaves. 
Tbe  same  member  gave  some  details  of  the  flora  of  the  central  and  north- 
em  conotry  of  tbe  Argentine  Bepublic,  from  collections  made  by  M.  Lo- 
renz,  and  described  by  M.  Griesebad. 

U.  Pb.  Plantamoar  invited  tbe  members  of  tbe  society,  or  those  whom 
it  might  interest,  to  bis  residence,  to  see  two  plants  of  Armophopiales 
Eivieriy  jaat  ready  to  bloom. 

IS..  A.  Hnmbert  pointed  out  a  pecnliar  change  in  the  lenses  of  the  micro- 
Bcope,  which  he  attribated  to  algce  attached  to  tbe  gloss,  and  produced 
by  bnmidity.  The  same  member  described  a  work  by  M.  Gerstaecker 
on  the  respiratory  organs  of  certain  insects,  and  of  a  memoir  of  M.  Zel- 
ler  on  the  development  of  the  larvte  of  intestinal  worms. 

Dr.  Lombard  made  a  communication  relative  to  tbe  accidents  in  the 
last  ascension  of  the  balloon,  the  Zenith,  He  dwelt  upon  the  conee- 
qnences  of  tbe  diminntlon  of  tbe  quantity  of  oxygen  contained  in  a  litre 
of  air  at  a  great  height,  and  on  the  internal  and  external  peripheric 
motions  produced  by  a  too  rapid  ascension. 

Dr.  Provost  presented  a  rSsumS  of  tbe  researches  recently  made  on 
aponorphine,  and  the  effect  produced  by  this  snbstaoce  on  different 
animals.  The  same  member  summed  np  the  most  recent  obserrations 
on  tbe  hypnotic  action  of  hydrat«  of  chloral,  tbe  nse  of  which  may  be  re- 
garded as  dangerous  to  man,  but  which  is  capable  of  rendering  great 
service  in  exi>erimeDts  by  vivisection  of  animala. 
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I.— MATTEBS  BELATIHG  TO  THE  MBMBBBSHIP,  THE  PBOOEBDINGS,  AND 
THE  PUBUOATIONS  OP  THE  BOOIETT. 

Oar  society  faas  esperieoced  tbis  year  a  great  loss  in  the  death  of 
General  Dafoar,  who  was  born  in  CoDstance,  September  15, 1787,  and 
died  in  Geneva,  Joly  14, 1876.  Switzerland  loses  in  bim  one  of  its  most 
popalar  and  beloved  sons  and  most  illnstrious  citizens.  After  the  pub- 
lication of  the  biograpbical  sketches  in  the  Journal  de  Genive,  there 
appeared  a  history  of  his  life,  a  life  in  every  respect  complete,  and 
marked  by  patriotism,  disinterestedness,  and  general  usefulaess  to  his 
coQDtry.  Tbis  biography,  besides  giviug  a  sketch  of  the  war  of  tbe 
Sonderbnnd,  describes  tbe  brilliant  career  of  the  soldier,  the  classic 
reports  of  tbe  general,  and  the  conscientious  labors  of  the  scientist, 
whose  military  chart  of  Switzerland,  reqniring  tbirtj-oue  years  for 
its  ezecatiou,  is  a  masterpiece  of  successful  perseverance ;  it  likewise 
states  the  active  part  taken  by  the  general  in  political,  legislative,  and 
administrative  affairs,  both  federal  and  cantonal,  as  well  as  bis  indefati- 
gable activity  in  military,  scientific,  artistic,  and  pbilantbropic  societies. 
These  pnblicatioue,  of  course,  render  it  nnoecessary  for  me  to  eater  into 
more  general  details. 

Onr  society,  of  which  the  general  bad  been  a  member  since  1819,  and 
to  which  be  had  contributed  articles  on  the  strength  of  iron  wire,  on  tbe 
determination  of  tbe  astronomical  co-ordinates  of  Berne,  and  the  high 
waters  of  the  lake,  published  in  volumes  ii,  ix,  and  z  of  oar  memoirs, 
bas  lost  in  him  one  of  its  most  zealous  members,  who  took  a  warm 
interest  in  its  labors,  and  attended  its  meetings  with  military  regularity 
and  puDctnality.  The  energy,  kindliness,  and  nprigbtness,  so  faith- 
fully reflected  in  every  feature,  and  bis  uniform  politeness,  created  in  all 
a  feeling  of  respect  and  affectioD  never  to  be  effaced. 

Onr  society  must  also  deplore  the  loss  of  two  honorary  members,  M. 
Adolphe  Brongniart,  professor  of  botany,  and  one  of  the  directors  of 
the  Uuseum  of  Natural  History  of  Paris,  and  M.  Cb.  Desmoulius,  of  Bor- 
deaux. 

As  to  our  publications,  the  first  part  of  volume  xxiv  of  our  memoirs, 
a  large  half-volome  of  fifty  printed  leaves  and  twenty-eight  plates,  is 
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pablinbed,  and  contains  the  paleontological  and  geological  monograpti 
of  tbe  npper  strata  of  the  Jurassic  rormatioD  of  tlie  euvirooa  of  Bonlogue- 
BDT-tfer,  by  MM.  de  Loriol  and  Fellat,  and  the  eelectioD  of  new  and 
bnt  aligbtly  koowD  mosses  by  M.  Daby.  The  second  part  of  volume 
zxir,  and  also  tbe  first  port  of  volnme  zxr,  are  both  in  preparatioo 
for  the  press,  in  tbe  first  of  which  is  a  memoir  by  Professor  Plantamonr 
on  the  climate  of  Greece,  and  td  tbe  second  a  work  by  M.  H.  de  Saossure 
on  the  Oryltida. 

11.— MEM01E3  COMMUNIOATBD  TO  THE  SOCIETY. 

1. — Astrotiomy  and  meteorology — Physical  geography. — Professor  Plan* 
tamoargave  an  account  to  the  society  of  a  memoir  which  be  published, 
irith  Professor  Hirsch  as  collaborator,  on  thedet«rminatioDof  thediflfer- 
ence  of  longitude  between  tbe  Bimplon,  Milan,  and  ITencbatel.  Daring 
this  work,  he  ascertained  that  the  Swiss  telegraphic  lines  are  not  as  well 
iDSnlated  as  tbe  foreign  lines,  a  circnmstance  that  considerably  reduces 
the  velocity  of  the  electiio  current,  owing  to  tbe  retardation  of  attraction 
of  the  armatures.  Allowing  for  the  changes  of  position  that  the  axis  of 
tbe  instrument  nndergoes  from  a  unilateral  dilatation,  caused  by  the 
presence  of  the  body  of  the  observer,  and  the  corrections  required  by 
personal  equations,  those  of  the  four  observers,  MM.  Plantamonr  at  the 
Simplon,  Celloria  at  Milan,  and  Hirscli  and  Schmidt  at  Neuchatel,  the 
fdloving  differences  were  established: 

Between  Milan  and  the  Simplon 4'  39".238 

Between  the  Simplon  and  Neachatel 4'  1C",824 

Between  Milan  and  Neucbatel 8'  5C".062 

The  same  member  also  submitted  to  the  society  a  summary  of  his 
observations  on  tbe  climate  of  Geneva.  He  found  by  examining  the 
mean  temperatures  for  tbe  last  fifteen  years  that  tbey  were  higher  than 
those  of  the  thirty-five  preceding  years,  so  that  the  mean  actually  estab- 
lisbed  for  a  series  of  fifty  years  must  be  increased  by  nearly  0°.2. 0.  (0o.3 
P.).  For  every  month  of  tbe  last  fifteen  years,  tbe  mean  temperature  was 
bigber  than  tbo  mean  temperature  deduced  from  the  previous  ttairty-flve 
years,  with  tbe  exception  of  the  month  of  December,  in  which  it  was 
0O.2  U.  ((P.3  F.)  lower.  The  greatest  increase  was  lo.23  C.  (:;0.21  F.),  and 
ocearretl  iu  tbe  month  of  itoptember.  Tlie  mean  temperatures  of  tbe 
whole  series  of  fifty  years  furnish  tbe  following  results:  January, 
-00.079  C.  (310.85  F.);  February,  +10.598  C.  (35°  F.);  March, 
+  40.597  C.  (400.274  F.);  April,  +  80,907  0.  (480.14F.);  May,  +  130.197 
C.  (550.70  F.) ;  June,  +  IGO.809  C.  (64o  05  F.  j  July,  +  ISo.SO?  C.  (65^.85 
P.);  August,  +  170.910  C.  (G10.24  F.) ;  September,  +  14o.Cj9  C.  (580.38 
F.) ;  October,  +  90.879  C.  (490.78  F.) ;  November,  +  i°.5'>2  C.  (40O.194 
F.);  December,  -  0='.80  0.  (30o.5C  F.). 

H.  Plantamonr,  on  tbe  other  baud,  made  an  examination  of  his  obser- 
vations by  dividing  tbe  year  into  seventy-three  series  of  five  days  (the 
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[>entiides  of  Professor  Dove)  in  order  tlie  better  to  detect  the  variations 
of  tbo  clemcuts  wbicli  hud  luruished  the  mouthly  mean  temperatares, 
and  to  iiscertaiii  whether  the  meteorological  tlieory  by  virtue  of  which 
M.  Oh.  Sainte-Glaire  Devillo  admitted  the  more  or  less  regular  return  of 
anomalous  cold  spells  at  certain  periods  of  the  year,  had  or  bad  not  any 
fouudation  in  fact.  The  plotted  means  of  these  pentades  (or  five-day 
periods)  naturally  gives  a  more  nndulatory  line  than  the  regular  theo- 
rel  ical  carve  of  the  monthly  means,  and  if  Ibere  existed  anomalous  caoses 
at  certain  fixed  epochs,  we  should  find  the  duration  proper  to  each  of 
thoso  epochs  traced  in  a  tnauuer  altogether  mnr^  decided  in  proi>ortioD 
aa  the  observations  are  extended  over  a  greater  number  of  years.  Now, 
M.  Plantamonr  found  that  the  very  reverse  was  the  case,  and  the  carve 
of  the  mean  temperatures  of  the  pentades  of  tbe  fifty  years  approaches 
more  nearly  the  regular  theoretic  cnrve  than  that  which  had  been  cal- 
culated for  the  first  forty  years  only.  The  annual  mean  for  the  last  fifty 
years  is  0o,345  C.  (480.821  P.).  The  warmest  year  of  tbe  series,  1834, 
had  a  mean  temperature  of  100.99  C.  {510.78  F.);  the  coldest,  1S51,  one 
of  1°M  C.  (4C0.13  F.).  The  period  from  1826  to  1834  contains  seven 
warm  and  two  cold  years;  that  from  1835  to  18C0  gives  twenty-two  cold 
and  only  four  warm  years ;  and  id  tbe  last  fifteen  years  there  have  been 
thirteen  warm  and  two  cold.  But  there  is  no  regularity  in  these  varia- 
tioos,  which,  contrary  to  tbe  ideas  of  certain  meteorologists,  afford 
nothing  which  sabstantiates  any  coincidence  between  them  and  tbe 
periods  of  eleven  years  wbicb  have  been  observed  for  the  epochs  of  the 
minima  and  maxima  of  the  solar  spots. 

Professor  Oau tier  read  a  second  account  of  the  meteorological  observa- 
tions made  at  Labrador,  at  five  different  stations,  by  the  Moravian  mis- 
sionaries. That  of  notfenthal  gives  the  mean  temperature  of  five  years, 
from  1869  to  1873,  at  —  3°M  C.  (2G0.55  F.),  while  the  annnal  mean  tem- 
perature of  Edinburgh  ia  +  8°.i  C.  (46.47  P.).  Tbe  winter  and  spring 
are  very  cold,  while  the  snmmer  and  autumn  are  relatively  mild.  The 
mean  diurnal  variation,  which  is  4°.45  G.  (S^.Ol  P.),  attains  at  times  to 
22^  C.  (390.6  F.).  Tbe  extreme  temperatures  observed  at  tbe  station  of 
Roma  were,  on  the  3d  of  February,  1373,  —  35°  C.  ( —31°  P.),  and  AagOBt 
21,  +  240  C.  (750.2  F.).  The  greatest  number  of  auroras  observed  there 
occurs  in  tbe  months  of  January  and  February. 

Professor  Golladon  read  to  ns  a  work,  which  will  be  pnblisbed  in  onr 
memoirs,  upon  tbe  great  hail-storms,  one  of  which  devastated  the  canton 
of  Geneva  on  the  7th  and  Sth  of  July  of  the  past  year,  and  the  other 
Savoy  and  Bas-Yalois,  twelve  boars  afterward,  and  which  coincided 
with  violent  storms  between  Lncerne  and  Zurich,  and  with  another  in 
Ard&che.  Tbe  storms  moved  at  a  velocity  of  50  kilometres  (31  miles)  per 
hour  and  tbe  height  of  tbe  hail-cloml  wus  determined  to  be  2,000  metres 
(6,600  feet).    M.  Golladon  recognizetl  four  different  types  of  hail-stones. 

The  same  member  communicated  an  article  upon  tbe  effect  of  a  than- 
der-bolt  on  tbe  trnnhs  of  two  Lombardy  poplars  of  different  dimensions 
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oD  tbe  plain  of  Eynant  near  RoUe.  From  the  different  details  observed 
and  tbe  topograpliical  positioo  of  tbe  iioplars,  M.  CoDadoD  condadea: 
Ist,  tbat  the  poplar  is  more  likely  to  be  struck  tban  other  trees;  2d,  tbat 
Tbeu  several  poptara  are  staudiiig  iu  a  groap  or  in  a  row,  tbe  oue  near- 
est to  water  is  the  first  struck,  aud  this  fact  may  be  made  available  Id 
discoveriog  spriDgs;  3d,  tbe  upper  part  of  the  poplar  always  remaioB 
iotact,  becaase  ita  branches  are  good  conductors  of  the  electricity ;  4th, 
tbe  lighiuing  passes  between  tbe  sap-wood  and  the  old  wood,  and  escapes 
near  tbe  foot  of  tbe  tree,  laterally,  by  passing  through  tbe  sap-wood  leav- 
ing great  spots  around  the  botes  through  which  it  has  passed. 

Prufessor  Forel,  of  Merges,  announced  to  tbe  society  the  first  results  of 
bis  observations  of  the  seiches  (variations  of  level),  made  at  Morgea  by 
means  of  a  recording  lioinimeter.  The  lake  here  presents  longitudinal 
and  transverse  seiches,  according  aa  the  periodic  undulations  follow  the 
great  or  small  axis  of  the  lake.  The  normal  aeickes  of  Morges  have  a  dura- 
tion of  ten  mioates,  whatever  tbeir  amplitude  may  be.  There  are  other 
seicAcs,  lessfreqnentjat  Morgea,  having  aduratioD  of  TOminutesandof  less 
amplitude, notexceediugonecentiDi6tre(four-tenthsof«ninch).  M.Forel, 
by  comparing  these  with  those  of  Lake  Constance  and  Ijake  Neuchatel, 
thinks  tbat  those  of  70  mioutes'  duratioD  are  to  be  considered  as  longi- 
tudinal. Others,  observed  at  Veytanx  and  Obillon,  and  which  be  acci- 
deutally  recognized  at  Morges  and  £vian,  wbose  duration  is  about  33 
minutes,  might  be  the  longitudinal  seiches  of  tbe  large  lake,  oscillating 
from  Obillon  to  the  bar  of  Promenthon,  and  vice  versa;  those  observed 
atGeoevaof  a  duration  of  30  minutes  are  probably  tbe  setcAes  peculiar  to 
tbe  small  lake  oscillating  between  tbe  port  of  Geneva  and  the  limit  of 
tbe  large  lake;  and,  finally,  the  ordinary  seiches  of  Morges  and  l^viaD,  of 
10  minutes'  duration,  are  tbe  transverse  seiches  of  Lake  Lcman.  The 
register  indicates  tbe  passage  of  a  steamboat,  2U  minutes  in  advauce,  by 
waves  of  three-quarters  to  one  minute  in  duration,  and  these  waves,  after 
the  passage  of  the  boat,  continne  to  repeat  themselvea  for  an  hoar  and 
a  half  at  intervals  of  from  one  to  two  minntes. 

2.  Phj/sics  and  methanics. — Professor  Soret  cootmunicated  to  tbe  society 
the  result  of  bis  study  of  tbe  phenomena  of  difTraction  iu  tbe  circular 
gratings  examined  by  bim  in  the  special  case  of  equidistant  circles.  This 
result  presents  some  analogy  with  those  considered  iu  a  communicatiou 
of  the  previous  year.  They  produce  a  powerful  concentration  of  tbe 
louinous  rays  along  the  whole  length  of  tbeir  axis,  and  are  capable  of 
giviug  images  of  objects  quite  similar  to  those  obtained  through  small 
holes. 

The  same  member,  in  making  a  communication  on  bales,  and  especially 
oa  pamhelia  by  reQectton  iu  crystals  of  ice,  adverted  to  the  fact  that 
Bravais  had  considered  two  cases  only,  the  prism  with  an  elongated 
hexagonal  base,  and  the  star  or  regular  hexagonal  prism  with  re-enter- 
iDK  angles.  M.  Soret  added  two  new  cases  of  parahelias,  the  prism  of 
icicles  with  six  rfgular  sides,  and  priams  with  elongated  base,  in  whicti 
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tbe  coarse  of  tbe  rays  is  differeDl  from  tbat  vbich  had  beea  indicated 
b;  Bravnis. 

MM.  Soret  aod  Sarasin  bave  made  a  summary  of  tbeir  work,  inserted 
in  the  Archives  de  la  BibUothSque  Universelte,  Ko.  215,  p.  253,  oq  tbe 
rotatory  power  of  quartz.  The  employment  of  the  spectroscope,  with 
the  flnorescent  eyeglass  devised  by  M.  Soret,  admits  of  the  exteostoo 
of  these  limits  to  the  nltra-violet  part  of  the  spectram  as  far  aa  tbe 
line  lif ;  and  by  the  interposition  of  a  plate  of  cobalt-blce  gloss,  whidi 
arrests  tbe  mean  red  and  orange  raye,  they  sacoeeded  in  clearly  dls- 
tiDgoisbiDg  the  lines  a  and  A,  by  which  they  were  then  able  to  measure 
the  rotatory  power  of  quartz,  These  researches  complete,  as  regards 
the  extreme  red  and  ultra-violet,  the  resolts  obtained  by  Bloch  and 
Stefan. 

Mr,  N.  Lockyer,  of  London,  an  honorary  member  of  our  society,  did 
□B  the  honor  of  presenting  the  principal  results  of  his  researcbes 
in  spectral  analysts.  This  scientist  mentioned  the  different  spectral 
methods,  the  distinction  which  he  established  between  the  short  and 
long  lines  of  tbe  spectra,  the  different  conditions  in  which  tbe  vapors  of 
bodies  may  befonnd.the  modillcatiODSthat  the  atomic  grouping  of  those 
bodies  nay  nndergo,  and  the  effects  iu  the  spectrum  by  which  these 
modifications  manifest  themselves. 

M.  Baoul  Fictet  placed  before  as  a  communication  on  the  application 
of  the  mechanical  theory  of  heat  to  the  stady  of  volatile  liquids,  aod 
tbe  simple  relations  existing  between  latent  beat,  atomic  weights,  and 
tbe  tension  of  vapors.  Tliere  results  from  this  work,  which  was  inserted 
in  the  Archives  de  la  Bibliotliiqve  Univeraelle,  INo.  217,  p.  66,  Ist,  tbat  all 
liquids  have  the  same  cohesion ;  2d,  that  tbe  derivative  of  the  Kaperian 
logarithm  of  tbe  quotient  of  the  tensions  in  relation  to  tbe  temperatures 
is  constant  for  all  liquids  at  the  same  pressure  and  temperatnre;  3d, 
tbat  tbe  latent  beat  of  all  liquids  under  the  same  pressure  multiplied  by 
their  atomic  weights  at  the  same  temperature  gives  a  constant  product; 
4tb,  tbat  for  all  liquids  tbe  difference  of  the  internal  latent  beat  at  aiy 
two  temperatures  whatsoever  multiplied  by  tbe  atomic  weight  is  a  con 
stant  number;  6tb,  that  tbe  latent  heats  of  all  liquids  are  multiples  ol 
their  specific  heatH. 

Professor  Wartmann  presented  to  tbe  society  various  models  of 
Crookfc'fl  radiometer,  manufactiireil  at  Bonn  by  M.  Geissler.  The  radia- 
tions from  a  lumiuouH  aoiirce  act  uiion  the  wheel,  and  repel  the  blackene*! 
faces,  Nerortbelesa,  by  covering  tbe  latt«r,  M,  Wartmann  showed  that 
tbe  rajs  from  ibe  sun,  or  from  sources  of  high  temperature,  repel  also 
the  white  faces.  Tbe  interposition  of  colored  glasses  diminishes  more 
or  less  the  rapidity  of  the  motion,  which  continues  very  rapid  in  the 
focus  of  a  leos  of  eulphuret  of  carbon  saturated  with  iodine.  By  acting 
upon  one  paddle  only,  M.  Wartmann  found  that  it  remained  in  a  state  of 
equilibrium  when  the  intensity  of  the  radiation  concentrated  on  tbe 
black  face  and  tbe  opposite  white  face  is  in  inverse  ratio  to  the  absorb- 
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ing  power  of  those  tkoea.  Light  is  not  the  canse  of  the  pbeDomciioD  of 
the  rotation  of  the  wheel.  This  oar  colleagae  demonstrated  by  conceo- 
trating  oa  the  black  face  of  the  disk  of  aa  extremel;  sensitive  radiometer 
the  light  of  the  full  moon  passing  over  the  meridian.  If  a  large  lens  or 
a  concave  mirror  0.55  metre  (2  feet)  in  diameter  is  employed,  the  intense 
ligfat  of  the  focus  renders  the  paddle  notioulese.  The  phenomenon  has 
tlierefore  a  calorific  origin.  M.  Wartmann  also  reported  an  experiment 
doe  to  Dr.  Schuster^  according  to  which,  when  the  motion  of  the  wheel 
is  inpeded,  it  is  the  envelope  of  the.  radiometer,  delicately  snspended, 
that  tends  to  tnni  in  an  opposite  direction.  There  is  therefore  a  mechan- 
ical reaction.  Finally,  M.  Wartmann  dwelt  upon  the  fact  that  the  degree 
of  vacnam  exerts  a  very  sensible  influence  on  the  rate  of  each  instm- 
ment  under  experiment.  With  the  same  radiometer,  this  vacuum  does 
not  appear  to  preserve  the  eame  valne  after  the  energetic  nctiob  of  the 
calori&o  Bonrces. 

M.  Th.  Torrettloi  submitted  a  commnnicatioo  on  the  different  boring 
implements  employed  in  tunneling  St.  Gothard,  and  explained  the 
Tarions  apparatus,  with  working  plans.  The  drill  invented  by  him- 
self, aDd  bearing  his  name,  is  distingnished  from  others  iu  two  essential 
points :  Ist.  The  system  of  air-distribution,  effected  by  the  reciprocat- 
ing motion  of  the  piston,  which  is  produced  by  an  arrangement  of  the 
piston  and  piston-rod  in  two  separate  pieces,  and  by  the  assistance 
of  a  system  of  differential  pistons;  2d.  The  automatic  advance  and 
recoil  of  the  machine  is  effected  by  utilizing  the  action  of  compressed 
air  Dpon  the  percussion  cylinder,  in  order  to  produce  the  tightening  and 
loosening  of  the  apparatus,  which  permits  or  stops  that  advance  by  the 
position  it«elf  occupied  by  the  piston-rod.  This  machine  makes  600 
strokes  per  minute. 

3.  Chemistry. — Professor  Marignac  gave  to  the  society  an  account  of  bis 
lesearchefl,  published  in  the  ArcAtfes,N'o.218, p.  113, on  the  specific  heat  of 
salloe  solntions.  The  specific  heat  depends  on  the  natnre  of  the  acids  and 
the  bases  of  the  salts,  and  also  on  other  circumstances,  which  do  not  seem 
coDDected  with  the  greater  or  less  tendency  of  salts  to  combine  with  water 
to  form  definite  and  crystalUzable  hydrates.  It  is  much  less  in  general 
than  the  sum  of  the  specific  heat  of  the  separate  elements  of  the  saline  solu* 
tions;  but  the  greater  part  of  the  acetates  and  acetic  acid  dissolved  in 
water  present  the  reverse.  M.  Marignac  is  of  the  opinion  that  the  dimina- 
tion  of  the  specific  heat  of  solutions  is  due  to  the  disengagement  of  heat, 
resoltiog  from  a  dissociation  of  the  definite  hydrates  contained  in  them. 
This  does  not  occur  among  alloys,  because  they  cannot  undergo  disso- 
ciatioo  BO  long  as  they  are  below  their  point  of  fusion. 

II,  Ador  gave  a  statement  of  the  research  which  he  carried  out  in  con- 

oectioD  with  M.  Albert  Biltiet,  on  the  constitution  of  benzine.    This 

investigation,  with  its  numerous  details,  was  inserted  in  the  Ardtives, 

No.  219,  p.  263. 

M.  Engine  Demolemadeacommnnicationon  the  compound  C*H*  I O, 
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which  is  formed  by  the  action  of  ethylene  npon  an  alcoholic  solotion 
ofiodine  heated  to  a  temperature  of  65°  0.  (149°  F.)  TbiscompoaDd  bad 
heen  reganled  by  M.  Bauoistark  as  a  derivative  of  etbyledioe,  and  as 
being  possibly  a  singular  instanceof  transposition.  M.  Demote  nndertook 
the  syntbesia  of  this  substance,  making  glycol  his  starting-poiDt.  The 
sabstauccs  tie  employed  were  all  prepared  at  low  temperatares.  They 
were  glycol,  iodioated  glycol,  monethylio  glycol,  and  iodetbylic  glycol. 
Now  this  last  ngrees  in  its  properties,  its  formnla,  and  its  vapor-density 
with  the  said  compound  iti  snch  a  manner  that  we  are  forced  to  coDsider 
the  latter  a  derivative  of  ethylene. 

i.  Oeologtf. — Professor  Favre  presented  to  the  society  his  chart  of  the 
Swiss  glaciers  of  the  Glacial  period,  projected  on  the  scale  of  -^^f. 
This  heautifnl  chart  shows,  let,  the  ninia  (partially  congealed  bdow); 
2d,  the  true  glaciers  of  the  Bhone,  the  Aar,  the  Beuss,  the  Linth,  and 
the  Rhine ;  and,  3d,  the  glacial  terrain  or  glacial  clays  and  sediments,  the 
moraines,  and  erratic  blocks.  M,  Favre  designates  as  glacier  riservoir 
(glacial  baBiii)  the  zone  of  the  n^cfs  occupying  the  bigh  valleys,  and 
glacier  ^icouXenient  (Sowing  glacier)  the  zone  of  glaciers  properly  so 
called  extending  along  the  plains.  As  to  the  glaciers  of  the  Rhone  and 
the  Rhine,  the  extent  of  the  glacier  reservoir  was  fonnd  equal  to  that  of 
the  flowing  glacier.  Ju  addition,  M.  Favre  deduced  the  depth  of  the 
glaciers  from  the  position  of  the  most  elevated  of  the  erratic  blocks, 

5.  Botanp. — We  were  presented  by  M.  0.  de  Candolle  with  the  resalt 
of  his  anatomical  and  physiological  researches  on  the  I>ion<Ba  mugcipula, 
which  led  him  to  admit  that  here  also,  as  among  sensitive  plants,  the 
movement  of  the  val  ves  of  the  leaf  is  caused  by  the  known  phenomena  of 
tnrgescence.  It  is  only  by  the  touch  of  one  of  the  three  hairs  that  the 
movementof  the  two  demi-limbs  is  produced  abont  the  middle  rih;  for 
if  the  surface  of  the  leaf  is  touched,  the  two  valves  do  not  close  at  all. 
It  was  therefore  in  the  structure  of  the  cosia,  and  especially  in  that  of 
the  hairs,  that  M.  C  de  Candolle  songht  and  fonnd  the  details  of  cellular 
organization,  which  enabled  him  to  refer  the  pheDomena  to  the  effects  of 
tnrgescence.  This  work,  accompanied  by  two  plates,  was  inserted  in 
the  Archives,  No.  220,  p.  400. 

G.  Ziiiilogy. — Dr.  Fol  communicated  to  the  society  the  principal  resalts 
of  his  investigations  into  the  nntrition,  the  mode  of  reproduction,  and 
the  means  of  locomotion  of  the  Tunicates.  These  marine  animals  take 
Doarishnieut  by  means  of  a  thick  and  glutinous  saliva.  Their  repro- 
duction is  complicated,  for  it  is  not  until  the  third  generation  that  the 
mother-form  exactly  reappears.  The  ceutral  style  bears  two  kinds  of 
hnds :  the  central,  attached  directly  to  the  axis,  perform  the  fnnctionsof 
procreation  and  locomotion  ;  aud  the  lateral,  further  removed  from  the 
axis,  whose  office  had  not  been  known,  are  only  organs  of  nutrition  and 
respiration.    When  separated  from  each  other,  they  soon  perish. -Dr. 
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Fol  concludes  from  this  that  among  the  Tuuicates,  as  well  as  the 
SiphoDopbora,  there  are  awimmiiig  iDdividaals  aud  feediug  individuals. 

The  same  member,  in  presentiDg  to  the  society  a  copy  of  bis  memoir 
OD  the  Pteropoda,  gives  some  details  of  the  Heteropoi]»,  which  be  is  now 
elaborating  for  his  second  volume,  and  proves,  contrary  to  the  opinions 
or  some  writers,  that  the  opening  of  invagination  is  [leraistent,  and  that 
it  becomea  n  month.  Tbis  mouth  once  formed,  tbe  embryo  swallows 
tbe  vliite  of  the  egg ;  and  this  albuminous  mass,  after  the  batching  of 
tbe  larva,  serves  for  food. 

M.  At.  Humbert  communicated  to  the  society  the  result  of  the  study 
of  a  blind  Ganimarns,  found  by  M.  Forel  at  tbe  bottom  of  Lake  Leman. 
As  DO  intermediaries  have  been  found  l>etween  tbe  seeing  Gammarus  of 
the  lake  at  the  surface  of  tbe  water  aud  the  blind  Gammarus  which  live 
from  tbe  depth  of  50  metres  (160  feet)  to  the  bottom,  M.  Humbert  does 
Dot  think  it  can  be  admitted  that  this  Gammarus  is  descended  from  the 
sewng  species,  and  takes  It  for  a  variety  of  the  Gammartig  puteanus,  a 
q)e<»eswb)ch  dwells  at  the  bottom  of  wells  in  the  vicinity  of  tbe  lake. 

Professor  Bogdanow,  of  St.  Fetersbnrg,  read  to  us  a  memoir  on  the 
Hccessive  history,  through  the  different  geological  ages,  of  the  fauna  of 
European  Russia,  aud  accompanied  bis  communication  with  unmeroas 
explanatory  maps- 


la  addition  to  tbe  works  mentioned  above,  a  large  number  of  reports 
of  recent  and  rare  publicntions  were  made  to  tbe  society,  and  a  series 
of  less  detailed  communications  were  presented. 

U.  Biirbcy  gave  some  account  of  tbe  Califoi-uia  species  of  the  genus 
Bpihbium,  which  he  is  now  preparing  for  tbe  New  Flor;:  ->f  California  by 
Mr.  Watson. 

Prof.  Alph.  deCandolle  took  up  and  refuted  the  principal  objections 
offered  by  M.  Scbacbt  to  tbe  theory  of  the  sums  of  temperatures  applied  to 
the  pbenomeua  of  vegetation.  The  same  gentleman  informed  us  that  Fro- 
feuor  BIy  tt,  of  Gbristiauia,  made  observations  in  Scandinavia,  which  con> 
finned  bis  own  made  in  our  Alps,  and  which  lead  to  this:  that  of  tbe 
valleys  laid  bare  at  the  Glacial  period,  those  whose  glaciers  retreated 
first,  present  a  richer  aud  more  varied  vegetation  than  those  which  re- 
mained a  Inng  time  covered  with  ice.  By  cousDlting  tbe  notes  collected 
by  the  Bigand  family  and  tbe  employes  of  the  guild-ball  on  tbe  folia- 
tion of  tbe  chestnut  of  Treille,  at  Geneva,  M.  de  Candolle  was  able  to 
sbow  that  the  time  of  tbe  foliation  does  not  vary  with  the  age  of  tbe  tree. 
Tbe  same  scientist  described  to  us  »  colossal  tree  of  California,  276  feet 
in  height  and  measuring  20  feet  in  diameter,  a  section  of  whose  trunk 
was  prepared  for  the  exhibition  at  Philadelphia,  and  whose  age  was 
estimated  at  2,120  years.  He  gave  us  some  details  of  the  extent 
of  the  cnltnre  of  tea  in  tbe  Indies,  derived  from  the  English  journals. 
He  showed  ob  a  bnnch  of  grapes,  of  half-white  and  half  red  berries,  and 
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also  a  remarkable  leaf  aod  fruit- bearing  stem  of  t  be  Biacontium  pertusum. 
The  saino  member,  when  on  the  subject  of  the  JDvestigations  of  Profes- 
sor Favre  on  the  bill  of  Casaina  Bizzardi  near  Como,  remarked  that  the 
two  Tertiary  and  Quaternary  floras  north  of  the  Alps  are  distinctly 
separated  by  the  Glacia!  period,  while  soatb  of  the  Alps  the  Pliocene 
and  Qoaternary  regions  fadeinto  each  other,  the  Tertiary  flora  already  pre- 
seuting  many  of  the  plants  of  the  present  epoch.  M.  de  Candolle  like- 
wise made  a  detailed  report  of  the  work  of  M.  Francis  Galton  on  twins 
in  the  human  species. 

Prof.  A.  N.  Cazio,  of  Paris,  honorary  member  of  our  society,  gave  an 
interesting  recital,  rich  in  details,  of  bis  journey  to  the  island  of  St.  Paul, 
to  observe  the  transit  of  Tenns. 

Professor  Dor,  of  Berne,  made  a  detailed  report  of  the  experiments 
made  nnder  bis  direction  by  M.  Decker,  at  the  ophthalmologieal  clinic 
of  Berne,  on  the  inflaence  of  the  trijumeau  in  certain  afTeotions  of  die 
cornea. 

M.  Fatio  described  bis  researches,  made  conjointly  with  M.  Adore, 
to  determine  the  moment  at  which,  with  ns,  the  winged  form  of  the 
Phylioxera  is  produced.  It  was  proved  that  the  event  takes  place  in  the 
middle  of  July.  These  gentlemen  also  discovered  a  plant -loose,  strongly 
resembling  the  Phylloxera,  on  the  leaves  of  the  maple. 

M.  Ernest  Favre,  while  distrtbating  a  memoir  on  the  Jurassic  rocks  of 
the  Yoirons,  entertained  the  society  with  the  discussious  of  geologists 
on  the  limits  of  the  Jnrassic  and  Cretaceous  periods,  and  more  par- 
tienlarly  on  the  tithonic  stratum  of  cephalopodic  and  coralline  beds. 
Far  from  sharing  the  opinion  of  the  geologists,  especially  the  French, 
who  see  a  great  hiatus  betn'een  the  Oxford  beds  and  the  Cretaceoas 
deposits  of  our  Alps,  M,  Favre  admits,  with  the  other  Swiss  and  Ger- 
man geologists,  that  at  least  for  the  Western  Alps,  and  likewise  tlie 
VoiroDS,  these  are  all  the  equivalents  of  the  Jurassic  rocks ;  and  i  f  we  are 
still  anable  to  verify  all  the  fossiliferoos  levels  of  the  Jurassic  basio,  it 
is  becanse  the  sediment  was  formed  under  difierent  conditions,  especiajly 
with  regard  to  temperatures  and  currents.  Professor  Favre  proves  that 
by  examining,  ou  the  spot,  the  hill  of  Cassina  Bizzardi,  near  Como, 
where  it  was  claimed  tbat  there  were  Pliocene  shells  in  the  glacial  ter. 
rains  he  saw  nowhere  between  Mendrisio  and  Chiasso  that  pretended 
mixture;  that  the  hill  in  question  bears  uo  resemblance  to  a  moraine; 
and  that  it  is  formed  from  a  post-Glacial  alluvium.  The  fossils  found 
there  were  washed  down  by  streams  which  drifted  the  rolling  stones  in 
which  these  fossils  are  imbedded.  M.  Favre  likewise  showed  us  speci- 
mens of  tbe  mineral  known  as  the  sapphire  of  the  glacier  of  the  Bois, 
and  now  classed  by  M,  Specia  with  emeralds. 

M.  Fol  described  in  the  embryos  of  mole-crickets,  before  hatching,  a 
larval  heart  analogous  to  that  of  tbe  larva  of  mollusks.  It  is  a  contrac- 
tile region  of  the  ectoderm  on  both  sides  of  the  body.  The  same  scien- 
tist gave  some  interesting  details  of  the  zoological  laboratories  of 
Naples  and  Kostock.  CtOO^Ic 
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ProreasoF  Gantier  kiDdly  contiDaed  to  ioform  as,  as  id  times  past,  of 
new  dibcoveries  in  astroaomy  and  meteorology.  Amongst  other  sub- 
jects, be  mentiooed  EdcWs  comet,  seveu  small  new  comets,  tbree  of 
vbidi  were  diseoTered  by  M.  Borelli,  tbe  astrooomer  of  Marseilles,  and 
acbart  of  shootiDg-stars  observed  by  M.  Ferrari  on  tbenigbt  of  tbe  11th 
of  AagQst,  in  the  neighborhood  of  the  coastellations  of  Fersens  and 
Casaiopia.  He  also  allnded  to  a  memoir  published  by  the  observatory 
of  Athens  on  Coggia'a  comet,  and  gave  an  acconnt  of  meteorological 
observations  made  at  the  observatory  of  Berne.  Colonel  Gantier  sab- 
mitted  to  ns  an  analysis  of  a  work  by  M.  Troovelot,  an  American 
astroDomer,  on  a  new  category  of  solar  spots,  the  veiled  spots. 

JS..  Baonl  Pictet  mentioned  tbe  second  volnme  of  M.  Hiern  on  tbe 
mediaDioal  theory  of  beat.  He  also  commnnicated  to  tbe  society  tbe 
fact  that  salphnrons  acid,  after  being  used  for  several  days  in  tbe  ice 
machiae  prepared  b;  M.  Pictet,  and  recently  tested  at  Tonlon  and  Mar- 
Beilles,  was  fonnd  mnoh  pnrer  and  more  limpid  than  at  the  time  of  its 
introdnction  into  the  machine,  and  no  longer  held  salpbar  in  suspension, 
and  ahsolotely  ceased  to  act  upon  metals,  especially  copper.  The  same 
inember,  in  giving  an  acconnt  of  the  trials  he  had  made  to  determine 
tbe  conditions  of  equilibriom  of  a  heavy  body  in  a  gaseons  carrent, 
poiDtcd  out  to  the  society  that  there  was  in  the  interior  of  tbe  conical 
gueoas  jet  an  ovoidal  space,  in  the  interior  of  which  heavy  l>odies,  such 
a«  balls  of  different  substances,  remain  in  equilibrinm,  taking  up  a  very 
ra[Hd  rotatory  movement. 

Professor  Plantamonr  commented  before  the  society  upon  a  pnblica- 
tioD  of  M.  Taccbini  on  tbe  Italian  mission  to  tbe  Indies  to  observe  tbe 
transit  of  Venus. 

Professor  Provost  gave  au  account  to  tbe  society  of  a  memoir  that  he 
bad  recently  publisbed  iu  tbe  Bulletin  of  the  Medical  Society  of  Switz- 
eriand  on  cases  of  alcoholic  deliriam  observed  in  the  cantonal  hospital 
of  Geneva,  daring  tbe  year  1874-'75.  The  same  member  mentioned 
ihe  thesis  of  Dr.  David  on  npomorphine,  and  also  tbe  researches  of  M. 
Valpian  on  the  singular  effects  of  tbe  paralyzation  of  the  movement 
of  the  heart,  fie  showed  to  us  a  photograph  of  the  brain  of  an  nphaaiac 
patient  observed  at  the  hospital  of  the  canton  of  Geneva.  This  brain,  in 
confirmation  of  Broca's  opinion,  presented  a  lesion  in  the  third  convolu- 
tion of  the  left  frontal  hemisphere.  On  this  occasion,  Dr.  Provost  re- 
affirmed that  a  lesion  in  the  island  of  Beil  might  have  tbe  same  conse- 
qoence.  He  sboired  to  the  society  a  rat  that  had  been  perfectly  pre- 
served for  two  years  by  means  of  an  injection  of  aix  grains  of  cliloral. 
Moreover,  M.  Provost  presented  to  us  the  circular  of  the  committee 
charged  with  the  organizntion  of  tbe  fifth  session  of  the  periodical  In- 
ternational Congress  of  the  Medical  Sciences  to  meet  at  Geneva,  Sep- 
tember 9, 1877,  and  gave  some  details  of  tbe  congress. 

H.  Rister  presented  an  analysis  of  M.  Ebeimayer's  work  on  the  infla* 
ence  of  forests  on  climate.    The  same  member  furnished  us  with  some, 
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details  of  tbe  effects  of  a  stroke  of  lightuiog  upon  five  telegrajibio  poets, 
placed  ut  a  distance  of  30  metres  (100  feet)  apart.  The  mark  left  by  the 
fluid  was  a  spiral ;  this  passed  from  four  to  five  tiuies  aroaod  the  post,  bat 
the  ix>8t  uext  to  the  lust,  which  was  of  ash,  was  less  injured,  aud  the 
fracture  wus  in  tbe  form  of  a  straight  furrow. 

M.  Sarasin  gave  au  account  of  a  work  by  M.  Weber  ou  tbe  specific 
heat  of  carbon,  lioron,  aud  silicon  (see  Archives,  No.  -10,  p.  407). 

M.  H.  de  Saussare  furnished  some  details  oo  the  fanna  of  Tarkistao, 
presenting  at  the  same  time  tbe  first  numb<;r  ou  tbe  Orthoptera  of  tbat 
couutry,  now  beiug  published  by  M.  Tcheuko.  The  same  genlleman 
mentioned  the  scientific  collections  wLicb  he  had  had  tbe  opi>ortunity 
of  seeing  at  Vienna. 

Professor  Botet  gave  us  some  information  abont  tbe  zoological  labo- 
ratory of  Arcachon. 

M.  Turrettiui  spoke  of  tbe  tension  of  tbe  overhanging  granite  of  St. 
Gotbard.  Ibe  parts  laid  bare  press  toward  the  vacancy,  and  break  up, 
often  with  violence,  which  made  it  necessary  to  arch  the  whole  length 
of  the  tuimel,  contrary  to  anticipation. 

Professor  Wartniann  described  to  tbe  society  the  results  obtained  by 
M.  Lockyer  from  observations  on  the  variations  of  the  calcium  spectroin. 
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BEPORT  ON  THE  TRANSACTIONS  OF  THE  GENEVA  SOCIETY  OF 
PHYSICS  AND  NATURAL  HISTORY,  FROM  JUNE,  1876,  TO  JUNE, 
1877. 


By  Adout  Favre,  PntidmL 
rTrsDslated  for  tbe  SmlthsoDiui  Institution  by  H.  A.  HeDry.] 


Gentlemen  :  Called  for  tlie  Bccond  time  to  render  an  accoant  of  all 
tbat  concerns  oar  society,  I  bave  tbe  pleasoie  to  state  that  tbe  Bomber 
of  toembera  bas  considerably  increased,  Dotwitbstanding  oar  previous 
Bad  losses. 

In  prcseuting  to  you  a  sninmary  of  the  condition  and  proceediogs  of 
the  society,  as  well  as  of  the  various  sabjects  wbicb  have  engaged  yoar 
BttcDtion  during  tbo  seventeeu  meetings  of  tbe  year,  I  will  follow  the 
Dsoal  order. 

I.— OBITUAET  NOTICES. 

Josepb  de  Notaris,  made  an  honorary  member  of  oar  society  in  1871, 
vasboni  io  1805  at  Milan,  was  of  a  noble  family,  and  died  at  Bome  on 
22d  of  January,  1877.  Dnriag  bis  medical  stadies  at  tbe  University  of 
Bome,  wbere  be  received  tbe  degree  of  doctor,  be  acquired  an  ardent 
taste  for  natural  history.  In  1832  be  was  made  professor  of  botany  at  tbe 
Lyceam  of  Milan ;  in  1836,  assistant  in  tbe  Mnseam  of  2Tataral  History 
of  larin;  in  1839,  professor  at  tbe  University  of  Genoa,  and  director  of 
the  Garden ;  and  finally,  in  1872,  he  accepted  the  same  position  at  Bome. 
This  was  coutrary  to  the  advice  of  bia  fkiends,  who  feared,  not  without 
reason,  disappoiotment  in  the  hopes  be  had  conceived  of  tbe  restoration 
or  tbe  Gardeu  and  ofscience  in  the  new  capital  of  Italy.  His  nomination 
to  the  Senate  was  but  a  small  compensation  for  the  numerous  dilSciiltiea 
be  encountered. 

As  soon  as  he  was  established  at  Turin,  J.  de  Notaris  comipenced  the 
publication  of  botanical  works,  particularly  upon  Cryptogamia.  The 
memoirs  devoted  to  tbe  mosses  bave  been  collected  in  a  magnificent 
volume,  published  at  the  expense  of  tbe  municipality  of  Genoa,  and  con- 
stitute a  reliable  system  of  Italian  Bryology,  to  which  the  Academy  of 
Sciences  of  Paris  awarded  the  Desmazi&res  prize. 

Tbe  other  branches  of  Cryptogamy  were  also  pursaed  with  careful  and 
accurate  research  by  tbe  learned  professor.  J.  de  Xotaris  was  the  sonl 
or  an  important  publication,  ^'CBerbier  cryptogamigue"  (tbe  Cryptogamic 
Herbal).  Tbe  flora  of  Ligaria,  as  well  as  the  fragmentary  records  of 
Egyptian  Agrostography,  equally  attest  his  profound  knowledge  In 
every  branch  of  botany. 

^^«  o„.,ze.L.  Google 
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Two  days  after  the  death  of  Joseph  de  Kotaris,  oar  society  sustained 
the  loss  of  Jean  Christian  FoggendortT,  added  to  the  namber  of  her  hon- 
orary mcmhers  in  1874,  as  an  expression  of  her  sympathy  with  this 
illDstrious  savaD,  od  the  occasion  of  a  fSte  celebrated  in  commemomtion 
of  the  fiftieth  year  of  the  pablicatioa  of  the  anoals  bearing  his  name. 

Bom  on  the  -9th  of  December,  1790,  deceased  at  Berlin  on  the  2itb 
of  Jannary,  1877,  this  learned  physicist  labored  noceasingly  from  1821 
nntil  the  time  of  his  death,  which  came  to  him  after  a  short  illness. 

Daring  hislaborioDsyouthghisuocotnmou  energy  led  him  into  a  pathin 
which  bis  active  perseverance,  his  just  and  clear  anderstandlugsetiored 
the  esteem  and  respect  of  all  savans.  In  1820,  be  was  matricnlated  at  the 
University  of  Berlin }  in  1834,  received  the  degree  of  doctor  of  philos- 
ophy; was  nominated  professor  at  the  same  nniversity;  and  in  1839,  was 
made  a  member  of  the  Academy  of  Sciences  of  Berlin.  Still  a  yoang 
man,  beatndied chemistry,  and  soon  devoted  himself  to  physical  researcb, 
especially  in  the  line  of  electricity. 

lu  1824,  he  commenced  the"AnjtaleB  de  Chimie  et  de  Physique  "  (An- 
nals of  Chemistry  and  Physics),  which  succeeded  the  Annala  of  Gil- 
bert. The  IGO  volomes  which  have  appeared  in  the  coarse  of  fifty-three 
years  contain  many  of  his  own  works,  as  well  as  additions,  criticisms, 
and  elaborations  of  the  memoirs  of  other  ecientists.  This  important 
poblicatioQ  did  not  prevent  him  from  engaging  with  Liebig  in  the  forma- 
tion of  a  dictionary  of  chemistry,  while  at  the  same  time  be  was  giving 
to  the  world  various  biographical  sketches  aud  a  biographical  dictionary. 

The  death  of  Foggendorf  is  a  great  loss  to  science.  He  not  only  con- 
tributed toitsadvauceby  bis  original  investigations,  bat  rendered  easier 
for  others  the  researches  to  be  made  in  physical  science,  still  a  maze  of 
confnsion  which  every  day  renders  it  more  necessary  to  reduce  to  order. 

II, — TDE  SOCIETY. 

Oar  society  has  added  this  year  to  its  regular  members  Dr.  Pierre 
Danant,  M.  SchiEf,  Dr.  Julliard,  and  M.  Zahn,  all  fonr  professors  of  the 
nniversity.  These  elections  carry  the  number  of  regular  members  ap  to 
fifty,  the  limit  according  to  rule  of  admission,  so  that  at  present  onr 
society  is  full. 

From  the  ranks  of  the  free  associates  we  have  bad  the  misfortune  to 
lose  Messrs.  Charles  Eynard  and  Fr6vost-Martin ;  we  have,  however, 
added  to  them  Charles  Golaz,  William  Favre,  Charles  Bigand,  Emile 
Pictet,  Domaine  Rons,  and  Ernest  Covelle. 

Professor  Wartmann  was  elected  president  for  the  year  1877-78,  and 
Messrs.  Marignac,  Edward  Sarasin,  and  Philippe  Plantamoar  were  con- 
tinned  in  their  offices  of  secretaries  and  treasnrer,  and  received  the  tbanks 
of  the  society  for  the  manner  in  which  they  bad  falfilled  their  trust. 

You  have,  gentlemen,  taken  an  import-ant  step,  it  may  be  well  to  men- 
tion here.  In  view  of  the  constant  increase  in  the  namber  of  ordinary 
members  and  frte  associates,  and  the  consequent  insofflciency  in  the 
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eapplj  of  oar  Memoirs,  it  was  decided  that  there  shoald  do  loDger  be  a 
eeneral  distribntioo,  bat  that  the  members  aod  associates  should  bo  ad- 
vised, as  aooD  as  a  Tolame  appeared,  that  it  conid  be  obtaioed  at  a  cer- 
taiD  place  appointed,  and  if  not  claimed  at  the  end  of  two  years  it  would 
be  at  the  disposal  of  the  societ;.  This  decision  docs  not  affect  the  dis- 
tribution of  onr  Memoirs  abroad. 

The  committee  of  publicatiou  has  been  charged  to  make  every  effort  to 
obtain  for  the  society  former  volumes  necessary  to  complete  our  series. 

The  society  has  published  during  the  past  year  the  second  part  of 
volume  XXiy  of  its  Memoirs,  coDtaiaing  articles  by  M.  Plantamour  and 
M.  de  Loriol.  To  this  must  be  added  the  first  part  of  volume  XXY,  con- 
taiaingamemoirof  M.H.deSaussare;  and  we  have  still  io  press  the  first 
part  of  voIameXXYI,  containing  memoirs  of  M.Dubynpon  new  species 
of  mosses,  of  M.  E.  Favre  upon  the  geology  of  the  Crimea,  and  other 
interesting  matter. 

In  regard  to  the  memoiis  in  competition  for  the  prize  fonnded  by  A. 
P.  de  Candolle,  to  be  presented  in  1879,  the  society  caused  the  following 
notice  to  be  published  in  various  joarnals  {ArcMres  des  sciences  physiques 
etnalurelles,*  March,  1877). 

•'  PlIlZE   FOUNDED  BY  AUGUSTIN  PYRAMUS  DE  CANDOLLE  FOE   THE, 
BEST  MONOGRAPn  UPON  A  SPECIES  OK  A  FAMILY  OF  PLANTS. 

"A  competition  is  now  opened  by  the  SoclSti  3e  physique  et  d'kisloire 
naturelle  de  QetUee  for  the  best  unpublished  monograph  of  a  species  or 
fetnily  of  plants. 

"The  manuscripts  may  be  written  in  Latin,  French,  English,  or  Ital- 
isQ.  They  must  be  sent,  postage  paid,  before  the  Ist  of  October,  1879, 
to  Professor  de  Marignac,  corresponding  secretary  of  the  society  at 
Geneva.     Members  of  the  society  are  not  admitted  to  the  competition. 

"The  prize  is  500  francs.  It  may  be  reduced  or  not  awarded  in  case 
the  articles  do  not  correspond  to  the  conditions  of  this  notice. 

"Geneva,  February,  1877. 

"A.  Favre," 
President  of  the  Society. 

III. — LABOUS  OP  THE  SOCIETY. 

1.  Physics. — Professor  Plautamonr  has  given  au  account  of  a  work  pub- 
lished by  him  with  Professor  Wolf,  of  Zurich,  upon  the  telegraphic  deter- 
mination of  the  difference  of  longitude  between  tbe  observatory  of  Zurich 
and  tbe  astronomical  stations  of  PfUndler  (near  Bregenz)  and  of  Qiibris 
(Appenzell).  TbeastrooomerOppolzerassistediuthiswork.  Dnringtheae 


*  In  fijtore  we  will  mention  tliis  review  Blmply  aa  Arehivc$. 
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obserrations  it  was  observed  that  the  peDdolums  of  M.  Wolf  and  il. 
Oppolzer  Trere  influenced  id  tbeir  conrBe  by  tbe  electric  register  wliich 
accompanied  tbem,  'wbile  the  pendulum  of  M.  Plaotamour,  constracted 
by  M.  Hipp,  was  not  in  tbe  least  distnrbed.  In  fact  tbe  probable  error 
fbr  eacb  combination  of  loogitnde  is  from  seven  to  eight  tbousandtbs  of  a 
second.  Tbe  nieasaics  gave  for  the  difference  of  longitude  between  tbe 
three  stations : 

Pmndler-Zurich 4    53.691 

<iJibris-Zurich 3    40.070 

Pmndler-Gabris 1     13.621 

M.  Baoal  Pictet  has  proved  an  anomaly  in  tbe  law  of  tbe  diffusion  of 
gases,  in  tbe  fact  tbat  sulphurous  acid  passes  throngh  iodia  rnbber  with 
greater  facility  than  hydrogen ;  a  balloon  of  India  rnbber  containing 
sulphurous  acid  will  soon  be  emptied.  By  filling  with  this  gaa  a  glass 
tube  closed  at  tbe  upper  end  by  a  sheet  of  india  rubber,  and  plunging 
the  lower  end  of  the  tube  into  mercury,  the  rapidityof  the  escape  of  the 
gas  may  be  measured  by  tbe  ascent  of  the  mercury  in  the  tube. 

Professor  Soret  has  entertained  tbe  society  at  two  sessions  with  some 
now  researches  made,  with  M.  Edward  Sarasiii,  upon  the  rotatory 
polarization  of  quartz,  particularly  for  tbe  ultra  violet  rays,  by  means 
of  a  spectroscope  with  a  fluorescent  eyepiece.  This  instrnment  was 
described  in  the  Archives  in  December,  187C.  Tbe  results  of  the  labors 
of  MM.  Soret  and  Sarasin  are  given  in  the  Cowptcs  rcndug  de  VAcadintie 
des  Sciences,  t.  83,  p.  188. 

Professor  Wartmann  made  a  communicaliou  vftoa  the  estnipolar 
deviations  observed  upon  mercurial  conductors,  whether  vats  or 
troughs.  He  produced  a  very  sensible  current  by  placing  the  two 
extremities  of  the  wire  of  a  galvanometer  in  the  neighborhood  of  the 
pole  of  a  cnrreut  passing  through  a  trough  or  vat  filled  with  meroury, 
but  beyond  the  line  of  the  poles, 

Lucieu  de  la  Bive  presented  a  work  npoo  the  specolar  reflectioo  of 
surfaces  covered  with  hairx,  cousidericg  them  as  cylinders  with  a  circular 
base.  The  anthor  demonstrated  that  a  surface  covered  with  cylinders 
presented  otiier  brilliant  points  than  those  of  the  surface  itself.  {Ar- 
chives, 1876,  t.  57.) 

Professor  Marigiiac  made  in  his  laboratory  some  experiments  upon 
capsules  of  tempered  glass ;  one  of  tbem  very  well  resisted  the  gas 
flame,  but  half  a  minute  after  the  extinction  of  the  flame  it  exploded 
like  a  Rupert's  drop. 

M.  Theodore  Turrettiui  observed  tbat  a  mixture  of  snow  and  chloride  of 
mnguesium  gives  a  temperature  of — ^°  C.  (—29°  F.),  while  tbe  mixture 
of  snow  and  (Aloride  of  sodium  gives  only— 180  C.  (— 2oF.}  An  im- 
portant nse  may  therefore  be  made  of  a  product  very  abundant  in  mother- 
waters  which  has  hitherto  been  thrown  away.    The  donble  chloride  of 
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potassiam  and  of  magneaiatn  is  aTso  s  prodnctof  the  mother-liquors  wbioh 
IB  not  deliqaescent,  and  which  presents  some  advantages  over  the 
chloride  of  magnesiam.  It  gives  a  temperotnre  of  — 32°  to  —34°  C. 
(—260  to  —29°  F.) 

H.  TarrettiDi  showed  that  the  temperatoie  to  which  may  be  carried  a 
Bo]ntioD  of  salt  or  of  chloride  of  magoeuDm  Id  water  is  the  same  as  that 
prodaced  by  salt  or  by  this  chloride  when  mixed  with  sdow  :  thns  the 
soltitioD  of  chloride  of  magnesium  freezes  only  at  — SiP  G.  ( — 29°  F.) 

H.  Tnrrettini  also  eshibited  nnd  explained  the  diplograpb,  a  writing- 
machioe  for  the  nse  of  the  blind,  invented  by  M.  Ernest  Secordon  of 
Lansanne,  and  constructed  by  the  Qenevcso  Society  for  the  Manufactaro 
of  Physical  Instrnmcnts.  This  machine  forms,  at  the  same  time,  char- 
acters in  relief  for  the  blind,  and  ordinary  printed  letters  for  those  who 
can  see;  so  that  the  blind  can  correspond  with  each  otbcr,  and  those 
TFbo  have  sight  with  the  blind. 

2,  Meteorology  and  terrestrial  physics. — Professor  Flautamonr  presented 
to  onr  society  a  risum4  of  the  principal  results  of  a  work  upon  the  baro- 
metric observations,  the  hygromotric  state  of  the  atmosphere,  the  nebu- 
losity, the  rain,  and  the  vind  observed  at  Geneva  during  the  fifteen  years 
comprised  between  1851  and  1875.  These  researches,  which  were  con- 
siderable in  extent  and  important  in  results,  were  published  in  the  twenty- 
fonrth  volume  of  onr  Memoirs,  under  the  title  of  lS'ouvelle$  HuSes  sur  U 
climate  de  Qmeve  {Recent  investigations  of  the  climate  of  Geneva),  and 
were  discussed  by  Professor  Gautier  in  the  Archives,  1877,  t  58.  They 
formed  a  sequel  to  a  volnme  published  by  M.  Pinntamonr,  in  18C3,  upon 
the  climate  of  onr  country  from  1828  to  1860. 

Dp.  Forel  while  pursuing,  as  we  know,  with  great  perseverance  his 
iovestigationsof  Lake  Leman,  succeeded  in  discovering  the  form  of  the 
seiches — oscillations  of  the  water  in  the  direction  of  the  length  and  the 
width  of  the  lake.  This  exposition  is  eqnally  applicable  to  the  movement 
of  the  waters  of  the  lakes  of  Brienz  and  of  Wallenstadt.  Tbe  obser- 
THtions  vhich  served  as  tbe  base  of  these  calculations  were  made  with 
a  llmnimeter  register.    (See  Archives,  1876,  t.  66,  57,  and  GO.) 

To  carry  the  study  of  this  oscillation  of  the  water  fbrther  than  can  be 
done  in  a  single  locality.  Professor  Plantamour  examined  this  move- 
ment at  Secheron  near  Geneva.  He  recognized  its  existeoco,  but  it  was 
produced  here  in  a  contrary  direction  from  that  at  Merges.  When  it 
was  low  at  Merges  it  was  high  at  Geneva  nnd  vice  versa.  Professor 
Plantamour  caused  a  limnimeter  register  to  be  established  at  Secheron. 
[ArchiveB,  1877,  t.  58.) 

Dr.  Forel  has  also  studied  the  transparency  of  the  waters  of  Lake 
Lemnn.  He  determined  it  by  measuring  the  depth  at  which  a  white 
disk  ceased  to  be  visible  In  the  water,  or  by  measariog  the  minimum 
depth  at  which  a  photographic  plate  experienced  no  alteration.  A 
white  disk  of  25  centimetres  (10  inches)  in  diameter  disappeared,  from 
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Ma;  to  Decern  bef,at  G".  G  (1£  feet);  ia  wtoter  at  lO".  1  [33  feet ;}  in  March, 
1S75,  it  nas  necessary  to  sink  it  to  IT"  {56  feet.)  Tbe  limit  of  pboto- 
grapbic  action  was  found  to  be  45"  {148  feet)  ia  summer,  and  100"  (328 
feet)  in  winter.  According  to  tbe  autbor  the  transparency  of  tbe  water 
of  the  lake  depends,  first,  apou  tbe  temperature;  second,  upon  tbe  pro- 
portion of  organic  matter  in  suspension  in  tbe  water.  The  latter  ia  more 
abnndant  in  summer  than  in  winter,  because  tbe  waters  of  tho  lake  in 
tbe  first  of  these  two  seasons  present  strata  of  different  temi>eratures, 
prodnciog  differences  in  density,  and  tbe  result  is  that  tho  organic 
matter,  also  differing  in  density,  will  seek  a  stratum  of  a  corresponding 
density  and  will  be  there  held  in  suspension.  In  winter  the  trmperatare 
of  the  water  being  more  uniform,  tbe  substances  are  retained  in  mnch 
less  quantity.  [Bulletin  Soc,  vaudoUe  des  8c.  nat.,  1874,  t.  xiii;  1875,  t. 
xiv;    and  Comptee  rmdiu  de  PAcaddmie  des  Sciences,  1877,  t  84,  p.  311.) 

M,  Baoul  Pictet  has  presented,  in  regard  to  tbe  intermittent  fouotain 
of  Tichy,  a  theory  by  whicb  be  has  been  enabled  to  explain  the  uogalar 
movements  of  waters  more  clearly,  since  be  has  succeeded  in  constract- 
ing  an  apparatus  wbiob  produced  them  in  miniatare.  This  foantain  pro- 
ceeds from  a  tube  which  descends  to  a  depth  of  107"  (351  feet),  at  the  base 
of  which,  therefore,  there  must  be  a  pressure  of  ten  atmospheres.  Tbe 
eruption  of  water  mingled  with  gas  is  prodoced  for  about  an  hour,  rises 
to  ten  or  twelve  meters  (33  oi  39  feet),  and  ceases  for  five  or  six  hoars. 
If  tbe  pipe  reaches  a  little  below  the  most  elevated  portion  of  an  im- 
permeable vaalt  which  covers  a  part  of  tbe  sheet  of  water,  tbe  gases 
which  are  generated  by  the  waters  of  Vichy  accumnlate  in  the  vaalt, 
drive  tbe  water  to  the  lower  edge  of  tbe  condnit  and  escape  with  it 
over  the  latter.    (See  Arckivet,  1876,  t.  57.) 

M.  Theodore  Turrettini  has  made  known  tbe  results  obtained  by  M. 
Fictet  and  himself  in  the  fabrication  of  transparent  ioe  by  means  of 
tbe  machine  employed  by  the  firm  of  Baoal  Pictet  and  Gompftoy. 
As  slow  freezing  of  the  water  eould  not  be  managed,  MM.  Turrettini 
and  Fictet  tried  agitating  tbe  water  nnder  the  pneamattc  pnmp  in 
order  to  drive  out  the  air,  but  the  middle  of  the  block  of  ice  formed 
was  more  or  less  opaqne  on  account  of  a  sort  of  crystallization.  M.  Tur- 
rettini has  at  last  succeeded  in  obtaining  some  perfectly  transpareot  ice 
by  causing  globules  of  air  to  pass  tbrongh  tbe  water  to  be  frozen,  in  a 
continuous  current.  These  liu-ge  globules  of  air  seemed  to  carry  away 
with  tbem  the  small  air-bubbles,  which  even  more  than  the  crystallisa- 
tioQ  appeared  to  cause  the  non-transparency  of  the  ice. 

3.  Geology  and  cKonchohgv. — Professor  Benevier  has  exhibited  a  chart 
of  tbe  Swiss  Alpine  Club  on  a  scale  of  -^^t  colored  geologically,  pre- 
pared for  the  federal  commission  of  tbe  geological  chart  of  Switzerland. 
It  includes  tbe  most  elevated  parts  of  the  Yandois  Alps,  the  rooks  of 
Diablerets,  of  tbe  Muveran,  &c.,  and  extends  along  the  right  shore  of  tbe 
lUione  to  tho  north  of  Martigny  in  Yatais,  from  the  village  of  Ardou  to 
that  of  Ollen,  to  the  north  of  Bex.    This  when  published  will  be  aocom- 
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puied  with  oameroas  raised  sections,  prepared  with  the  greatest  care, 
BO  aa  to  represent  the  country  in  all  its  details.  The  inversions  of  the 
strata  are  ao  iinmeroas  in  this  region  as  to  be  almost  the  normal  condition ; 
not  less  than  tbirty-siz  geological  stages  ma;  be  coanted  in  this  chart, 
from  the  crystalline  schists  to  the  modern  allnvinms.  AipODg  the  new 
&ct8  contained  in  a  memoir  published  by  Benevier,  on  the  appearance 
(tf  this  chart,  we  mention  the  discovery  of  a  tootb  of  Oto4u1c  in  the  sand- 
stooeof  Tareynnaz.  This  is  the  first  time  a  fossil  has  been  observed  in 
this  rock.    (Archives,  18C7,  t.  59.) 

Professor  A.  Favre  has  given  some  explanations  of  the  geological, 
chart  of  the  canton  of  Geneva,  scale  sshsB'  ""^^  sabmitted  them  to  the 
society.  The  varions  strata  which  compose  this  region  have  been 
already  described  elsewhere.  The  most  ancient  rock  is  the  sandstone, 
vbich  is  divided  into  the  red,  or  lower,  sandstone,  and  the  gray  sand- 
stone, containing  traces  of  lignite  and  gypsnm. 

The  ancient  alluvium  reste  npon  the  sandstone,  and  appears  at  vari* 
one  levels ;  it  is  composed,  at  its  base,  of  clay  without  pebbles,  and  with 
hgaite  Burmonnted  with  a  formation  of  worn  pebbles  and  sand,  often 
hi  a  state  of  hard  conglomeration.  M.  Favre  has  recently  discovered  in  it 
scratched  pebbles  and  insertions  of  a  rock  of  a  glacial  character.  {Bulle- 
tin 8oe,  gSol.  de  France,  1S75,  iii,  1 723,  and  Archtvea,  1877,  58,  p.  18).  If 
inch  observation  are  moltiplied  they  will  probably  acquire  sach  impor- 
tance that  a  refutation  may  be  dedaced  from  them  of  the  hypothesis  of 
tvo  glacial  periods.  The  glacial  stratnm  resting  npon  the  ancient  alia* 
vinm  is  composed  of  clay  more  or  less  gravelly;  it  constitotee  the 
largest  part  of  the  surface  of  the  canton.  Erratic  blocks  are  fonnd  npoo 
it,  all  liYtm  the  valley  of  the  Bhone,  while  there  appear  to  be  none  from 
tbe  valley  of  the  Arve. 

The  poet- glacial  allaviums  are  composed  of  gravel  and  of  sand  from  ter- 
races more  or  less  elevated  upon  the  borders  of  the  lake  and  of  tbe 
rivers.  They  conttun  many  pebbles,  broken  and  indented.  This  de- 
struction or  decompositiou  of  pebbles,  near  the  surface  of  the  soil,  is 
without  doubt  one  of  the  principal  causes  of  tbe  formation  of  vegetable 
earth.  We  find  in  tbe  canton  much  sandy  soil,  fine  sand,  and  small 
gravel.  These  are  of  difGarent  ages,  and  formed  of  varions  rocks. 
Particles  of  oxidized  iron  are  found  in  them,  which  attest  their  Alpine 
origin*  Peat  and  marshy  ground  are  not  of  frequent  occurrence  in  the 
canton.  M.  E.  Favre  has  presented  Some  remarks  upon  the  origin  o/an- 
eieHt  aUuvium.  He  has  indicated  tbe  princiim]  characteristics,  and  has 
especially  dwelt  npon  the  sections  of  the  Bois  de  la  B&tie  and  the  quarry 
of  Mategnin.  He  concludes  that  tbe  formation  of  this  stratum,  entirety 
composed  of  worn  pebbles,  was  intimately  connected  with  tiie  extension 
of  ancient  glaciers,  and  that  its  presence  at  various  levels  on  the  sides 
of  the  mountains  and  in  the  bottoms  of  the  valleys  is  because  the  ioe 
covered  very  uneven  ground.    (Arckieea,  1877,  t.  58.) 

U.  de  Loriol  bas  exhibited  two  species  of  Eehitu^s  from  Maurice  Isl- 
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and,  one  belonging  to  the  genns  Britaut,  tbe  other,  fbe  Echinolampat 
Alexondri,  This  genos  made  it's  afipeartince  ^rith  the  Tertiary  forma- 
tion. Tbe  Bpecies,  nameroDa  in  tlie  Eocene,  leas  extensive  in  the  Mio- 
cene, rarer  etlll  in  the  Pliocene,  number  Four  at  the  present  time.  (See 
vol.  XXIV  of  our  Memoirs.) 

A  few  years  hence  tbe  conchologists  of  onr  country  woold  be  mncb 
puzzled  to  explain  the  appearance  of  two  fresh  water  shells,  Paludina 
vivipara  and  Planorbia  eomeut,  if  M.  H.  Fol  had  not  taken  the  precan- 
tioD  to  inform  onr  society  that  be  bad  pat  in  the  salt  marsh  of  Sionnet  a 
certain  namber  of  these  mollasks  to  see  whether  they  conld  be  accli- 
mated. 

4.  Animal  pJiysioloffy  and  medicine. — Professor  Scbiff  bas  songbt  to 
modify  the  hypothesis  of  M.  Bnbois  Baymond,  of  tbe  electric  natore 
of  tbe  nervons  agent,  and  to  determine  whether  electric  currents  are 
produced  in  tbe  nerves  of  living  animals.  tTsing  very  sensitive  appa- 
ratus and  operatiog  upon  the  sensitive  nerve  of  a  frog  decapitated 
just  at  the  moment  of  the  experiment,  tbe  result  was  negative.  In 
other  experiments  M.  Schiff  employed  tbe  muscles  of  the  tbigb  of  a 
frog  cleaned  and  arranged  so  as  to  serve  as  a  connection  between 
two  electrodes.  Be  observed  no  cnrront,  and  the  learned  professor 
concluded  that  none  was  produced,  iu  the  absence  of  all  lesion  ia 
the  uncut  nerves.  He,  however,  immediately  perceived,  tbe  formation 
of  a  current  when  the  nerve  was  merely  pinched.  After  the  hyi>oglos- 
sal  nerve  of  a  dog  has  been  cat  and  the  wound  healed,  the  nerve  is  no 
longer  in  a  normal  condition.  Uncovered  at  the  moment  of  experiment 
it  gives  variable  electric  effects.  In  operating  upon  the  pneumogastrio 
nerve  of  cats  and  rats  under  the  influence  of  alcohol  and  curara,  kept 
at  tbe  temperature  of  tbe  surrounding  air,  M.  Scbifif  observed  no  cur- 
rent ;  but,  on  bimliog  or  tying  the  nerve,  the  current  was  formed  imme- 
diately. M.  Schiff  thinks,  therefore,  that  iu  ttie  normal  condition  of 
the  nerve  and  in  the  state  of  immobility  of  the  living  animal  there  is  no 
cur>ent;  that  when  the  current  is  produced,  it  rcsnlts  from  the  death  of 
the  nerve,  or  from  nervous  activity  and  the  contraction  which  accom- 
panies it. 

The  same  learned  gentleman  addressed  tbe  society  upon  the  proper- 
ties of  nicotine  as  a  poison,  and  the  action  of  tbe  liver  under  tbe  effects 
of  this  poisou.  The  nicotine  injected  under  the  shin  of  a  dog  produced 
death  in  a  few  moments.  When  tbe  nicotine  was  forced  through  the 
liver,  its  effects  were  weakened;  the  nicotine  is  destroyed  by  this  or- 
gan. The  nicotine  doubled  has  very  nearly  biliary  activity.  Until 
now  only  iocyamtne  was  known  which  produced  similar  effects;  and 
according  to  M.  Lantenl^acb  tbe  action  of  the  liver  is  more  complete 
upon  this  poison  than  upon  the  nicotine.  One-sixtieth  of  a  drop  of  this 
substance  is  sufBcient  to  kill  a  frog,  after  tbe  liver  has  been  tied,  al- 
though one-twentieth  is  sufficient  in  tbe  ordinary  state.  The  tying  of 
tbe  vena  porta  of  a  dog,  of  a  cat,  or  of  a  rabbit,  produces  the  death  of 
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die  SDjiDftl  in  aboat  two  Uoara  trad  a  balf,  with  circnmstaDces  similar  to 
Uime  canBed  by  morphine  or  any  other  Darcotio.  If  two  cabin  centtme- 
ties  of  the  blood  of  a  dog,  the  vtna  porta  of  which  has  been  lied,  are 
inserted  ia  a  frog,  and  in  another  firof;  the  same  quantity  of  the  blood 
of  a  dog  intact,  at  tbe  end  of  three  bonrs  the  first  frog  will  bd  dead, 
vhile  tbe  second  win  be  in  good  condition.  M.  Scbiff  concluded  from 
tills  that  tbe  action  of  the  liver  destroys  the  nicotine,  and  that  there  is 
constantly  prodaced  in  the  digestive  organs  of  man  and  of  animals  a 
poisonous  sabstance  which  would  destroy  them  in  a  very  short  time  if 
they  were  not  continnally  saved  by  the  action  of  tbe  liver. 

Prof^or  Znbn  submitted  to  tbe  examination  of  the  society  a  prepa- 
ration of  tbe  costal  cartilage  of  man,  showing  a  pigmentary  infiltration 
of  the  cells.  This  infiltration  is  a  new  characteristic  of  this  cartilage, 
and  has  not  been  mentioned  iu  any  treatise  on  patbologiesl  anatomy, 
although  M.  Wecbl  and  M.  Wircbow  have  both  mentioned  the  pigmen- 
tation. It  is  four  years  since  M.  Zabn  first  noticed  this  infiltration; 
since  then  be  has  often  observed  it ;  it  exists  in  balf  the  men  over  forty 
years  of  age.  Oeneral  pigmentation  has  been  observed  by  liim  only  in 
two  cases  of  severe  ictarus.  (Arcktvea,  1S77,  t.  68.)  M.  Schiff  adds  that 
he  has  been  able  to  prodnce  this  pigmentation  by  the  slow  compression 
of  the  biliary  livers. 

Dr.  Provost  has  given  a  description  of  a  case  of  aphasia  observed  in 
ft  young  girl,  who,  althongh  attacked  with  a  right  hemiplegia,  retained 
all  her  intelligeDce.  The  aphasia  continued  after  the  hemiplegia  disap- 
peared, and  tbe  patient  coald  pronounce  woida  only  when  she  sang  them. 

Professor  P^aotamour  drew  the  attention  of  tbe  physiologists  to  the 
difference  in  the  power  of  perception  of  the  transit  of  stars  according  to 
the  incUoation  of  the  head.  He  remarked  this  fact  several  times,  and 
again  recently  daring  some  obserrations  made  with  Colonel  Orff,  wbo 
having  difficulty  in  seeing  on  accoont  of  tbe  position  of  the  eye-glass, 
boil  more  or  less  bis  head.  The  resnlt  was  a  very  noticeable  dlGference 
in  die  appreciation  of  the  transit  of  stars. 

M.  H.  Fol  gave  an  noconnt  of  his  researches  in  regard  to  the  fecon- 
dation  of  eggs,  especially  of  sea-archias.  Tbe  details  of  these  remark- 
able researohes  may  be  found  in  several  articles.  {Archives,  1877, 1 58,  p. 
439;  Compte$  reiulat  de  PAeadimte  dea  Beienoef  de  Parit,  1837,  t.  84,  p. 
208, 357,  and  659.) 

U.  T.  Fatio  bas  made  known  certnln  variations  in  species  among 
Mtn,  ancb  as  alterations  in  tbe  fbrm  of  the  moutb  on  aoconot  of  tbe 
medium  in  which  these  animals  live,  as  well  as  correlative  modifications 
in  varioDB  parts  of  tbe  body. 

5.  Botany. — Professor  Oandolle  baa  given  some  details  of  a  work  be 
has  just  completed  relative  to  tbe  fbmlly  of  SmiUuea.  This  is  a  port  of  a 
work  entitled  Horiograpkia}  Phanerogmnamm,  which  be  prepared  with  bis 
SOD  aud  several  otbfir  assistants.  This  family  is  well  defined  by  its  ebor- 
acteristics,  and  is  divided  into  three  genera ;  Eeteroamilas,  SmiUa,  and 
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Rkiphogonum.  M.  de  Candolle  has  beeo  able  to  prove  tbat  seveml 
Bpecies  hare  houa  described  ander  two  names,  aod  has  made  known 
fifty-five  new  species.  Tlie  preseut  geograpbical  distribution  of  plants 
of  tJiis  family,  combined  vith  our  knowledge,  unbnppily  imperfect,  of 
fossil  SmilacecE,  allows  tlie  presumption  tbat  dispersion  in  former  times 
was  much  greater  tban  at  present.  !N^ow  tbe  BmilacecE  are  found  only 
in  tbe  district  comprised  between  Japan,  India,  New  Caledonia,  anil 
tbe  Sandwicb  Islands.  From  tbis  limited  region  to  Brazil,  the  Cape, 
and  tbe  Azores,  only  a  few  genera  or  subgenera  are  found. 

M.  Daby  submitted  a  work  accompanied  with  plates  relative  to  a  genus 
and  eighteen  new  species  of  moss  &om  Japan,  tbe  Philippine  Islands, 
and  Maurice  Island.  They  belong  to  the  genera  Batraniea,  Orthotrichvm, 
Schlotheimia,  Pterobrium,  Sgpnum,  and  Senoniella.  M.  Duby  called 
attention  to  tbe  large  onmber  of  mosses  found  at  tbe  same  time  in 
Maurice  Island  and  the  Snnda  Islands.  (See  part  I  of  vol.  XXVi  of 
our  Memoirs.) 

M.  Marc  Micheli  has  given  account  of  tbe  most  recent  investigations 
relative  to  insectivorous  plants.  {ArcMvei,  1877, 1 58,  p.  393).  M.  Duby 
mentioned  ou  tbis  occasion  that  other  plants  exuded  digestive  acids, 
among  others  the  Petunias,  vbich  capture  certain  insects  by  meaos  of 
glutinous  glands. 

6.  Statistics. — Dr.  Dunant  called  the  nttcution  of  tbe  society  to  the 
change  in  tbe  population  of  tbe  city  of  Geneva  fkx)m  1816  to  1872, 

At  no  period  has  the  increase  by  natnralization  been  as  great  as  fhHU 
from  1850  to  1860.  The  proportion  of  the  population  under  fifteen  years 
of  age  and  that  above  sixty  has  increased ;  that  of  adnlts  has  dimin- 
ished. 

The  number  of  marriages  among  the  Gcnevese  diminishes,  that  of 
marriages  between  strangers  and  Qenevese  remains  the  same,  and  that 
of  marriages  between  strangers  increases.  There  are  fever  births 
among  tbe  Geneveae  than  among  the  Swiss  of  other  cantons  and  among 
tbe  foreigners.  Illegitimate  births  are  more  frequent  in  the  foreign  pop- 
ulation and  the  Swiss  of  other  cantons  than  in  the  Genevese  popohi- 
tton.  The  mortality  is  studied  with  care  in  tbis  great  and  concientloos 
work.    (See  Journal  de  Statittiqw  Buitse,  1876,  Xos.  II  and  III.) 

Tbe  society  has  listened  to  numeroas  reports  upon  works  published  in 
various  coantries,  and  in  regard  to  which  the  members  of  the  sotiely, 
after  discassion,  passed  jndgment  more  or  less  pronounced.  These 
discussions  animated  the  sessions,  and  drew  tbe  attention  of  the  mem- 
bers to  labors  outside  of  their  especial  studies. 

The  following  is  a  list  of  these  communications:  Professor  Gantier, 
observations  made  in  various  observatories,  of  the  velocity  of  the  stars, 
the  zodiacal  light,  a  new  star  in  the  constellation  of  tbe  Swan,  tbe 
doablflstarof  the  Centaur,  the  climate  of  Berne,  inandations  in  Switzer- 
land in  Jnne,  1876,  &&;  Colonel  Gautier,  solar  protuberances;  Pro- 
fessor Soret,  photographs  of  the  moon,  defects  of  the  retina,  and  tbe 


,  Goo^^  Ic 


GENEVA  SOCIETY  OF  PHY8ICS  AKD  NATURAL  HI8TOBT.        235 

telephone  j  Dr.  Forel,  tbe  frost  of  the  12th  of  November,  18T6 ;  Pro- 
fessor Wartmano,  apparatus  for  ascertainiog  tbe  tmpalsioD  that  a  spark 
of  induciiOD  passing  th  rongh  a  rarefied  gna  is  capable  of  producing  in  a 
longitudinal  direction  ;  M.  A.  Achard,  the  form  And  properties  of  tbe 
articulated  losange  of  Peoacellier ;  composition  of  certain  waters,  accord- 
iiig  to  Girardin ;  M.  E.  Sarasio,  a  vritiug-mocbine ;  M.  IE.  Pictet,  a 
work  of  M.  Dufour,  of  Lansanae,  upon  tbe  cure  of  a  i>erson  blind  from 
birtb,  and  upon  the  theory  of  vision  {Archives,  1877,  t.  58) ;  Professor 
Schiff,  various  experiments  upon  the  hereditur;  transmission  of  certain 
artificial  lesions  ;  M.  Fol,  memoirs  apoD  tbe  heteropodes,  upon  pulmo- 
oated  terrestrial  moUuaks,  and  upon  a  microtome  which  allowed  tbe 
making  of  fifteen  or  sixteen  cnts  of  an  embiyo  of  one-flftb  of  a  milli- 
ineter  in  tJiickness ;  M.  Fatio,  axolotls,  tbe  preparation  of  delicate  skel- 
etons oleaoed  by  the  tadpoles  of  frogs;  Professor  De  Candolle,  the  law 
of  botanical  nomenclature;  Professor  Muller,  lichens ;  M.  M.ldicheliiiD- 
fluenceof  manareapontbecomposition  of  grains. 

With  this  list,  gentlemen,  I  close  the  report  I  have  the  houor  to  pre- 
sent to  yoo.  We  have  cause  for  satisfaction  that  the  iucreaso  in  the 
number  of  members,  of  tbe  memoirs  presented,  and  of  out  pnblicatious, 
manifests  a  growth  of  aotivit;  in  onr  society. 
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Bt  Okorge  L.  Camnon,  of  Idaho  Bprinft,  Colo. 

DurJDg  tbe  laat  three  years  I  bare  examined  a  large  nnmber  of  abo- 
riginal structures  in  tbe  counties  of  JefFerson  and  Clear  Greek,  and  as 
the  prehistoric  remains  of  Clear  Creek  County  are  of  small  extent,  I  shall 
devote  tbe  greater  part  of  m;  communication  to  a  description  of  those 
in  Jefferson  County.  A  good  idea  of  tbe  topographical  features  of  the 
district  in  which  these  remains  are  situated  may  be  obtained  by  cod- 
saltiDg  Chittenden's  map  of  tbe  eastern  base  of  the  Kooky  Moaotaius, 
published  in  Hayden's  Survey  of  Colorado  for  1S74,  It  consists  for  the 
most  part  of  elevated  plains,  interspersed  with  prairie  blnffs  and  saod- 
stone  "  hogbacks."  Most  of  the  remains  apparently  belong  to  quite  s 
modern  period,  that  is  to  say,  within  the  space  of  twenty  or  thirty  years ; 
still,  in  some  cases,  judging  by  tbe  depth  to  wLich  tbe  stones  composing 
them  have  sunk  and  by  the  thickness  of  the  superiucambent  soil,  we  may 
give  them  an  antiquity  of  a  century  or  more.  Tbe  greater  part  of  them 
are  situated  on  tbe  tops  of  bills,  commanding  a  view  of  the  adjacent 
plaius,  but  occasionally  we  find  some  in  low  lands,  in  the  vicinity  of 
springs,  where  good  water  can  be  obtained.  The  first  to  be  described,  and 
I>erhaps  the  most  numerous  class  of  relics,  are  the  so-called  "  flre-plaoes." 
They  consist  of  several  flat,  irregular  stones,  discolored  by  fire,  arranged 
so  as  to  form  a  hearth,  and  are  identical  with  tbe  fireplaces  which  the 
modern  Indians  have  in  the  center  of  their  wigwams.  They  are  scat- 
tered promiscnously  over  tbe  plains,  without  much  reference  to  location, 
save  such  as  a  party  of  campers  would  choose. 

Kext  in  importance  to  the  fire-places  ai«  what  are  locally  denominated 
"  Indian  circles."  They  are  usually  constructed  of  bowlders  arranged 
in  tbe  form  of  a  rude  circle,  about  a  yard  in  diameter,  with  a  cavity  a 
foot  or  two  in  depth,  hollowed  out  in  the  center.  Tbe  moat  common 
opinion  is  that  tbey  were  used  by  tbe  Indians  as  fire-places.  Tbe  modem 
Indians  are  said  to  encamp  on  sites  similar  to  those  in  which  these  circles 
are  found,  and  in  some  cases  surround  their  flies  with  a  wall  of  stones, 
to  prevent  them  ftvm  being  extinguished  by  the  wind.  Some  have  sup- 
posed that  they  were  occupied  by  signal-fires,  and  this  may  have  been 
tbe  case,  as  most  of  them  are  in  situations  that  would  be  suitable  for  the 
purpose.  Again,  it  has  been  tboaght  that  they  mark  the  graves  of  some 
prominent  Indian  warrior  or  chief,  althoagh  it  was  not  the  usual  custom 
of  tbe  Indians  to  bury  their  dead,  but  rather  to  place  the  corpse  on  tux 
elevated  platform. 
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One  of  these  circles,  od  ^orth  Table  MoantaiD,  appeared  so  moch  like 
a  grave,  that  a  party  of  excnrsioDista  made  an  ineffectaal  attempt  to  open 
it,  in  hope  of  finding  something  to  reward  tbeir  pains,  as  Indians  fre- 
qaently  bury  atensils  and  weapons  with  tbe  dead.  The  wall  snrronnd- 
ing  tbe  supposed  grave  differs  from  that  of  other  circles  in  being  con- 
structed of  flat  slabs  of  basalt,  instead  of  bowlders  of  guartzose  rock,  and 
on  tbe  sonthero  side  of  the  inclosure  stood  a  slab  of  trachyte,  which  had 
probably  been  brongbt  from  the  crater  of  an  extinct  volcano  a  mile  or 
more  distant,  and  bad  tbe  appearance  of  a  tombstone.  Tbe  groand  for 
some  distance  around  gives  forth  a  hollow  sound,  as  If  there  were  a 
cavity  beneath,  and  on  a  hilt  near  by  is  a  monnd  apparently  intended 
as  a  mark  to  guide  in  finding  tbe  grave.  In  conncctioo  with  the  circles 
we  sometimes  find  heaps  of  stones  rndely  piled  together,  whose  use  has 
not  aa  yet  been  conjectured.  In  many  places  are  to  be  seen  spots  where 
tbe  Indians  appear  to  have  been  encamping  and  making  their  arrow- 
beads  and  tools.  In  most  cases  only  a  few  scattered  chippings  of  flint 
and  guartzite  occur,  as  if  tliey  had  encamped  for  tbe  night  and  chipped 
out  a  few  arrow-heads  for  the  morrow's  chase,  while  other  places  appear 
to  have  been  occupied  for  quite  a  length  of  time,  and  tbe  ground  in  tbeir 
neighborhood  is  thickly  scattered  with  fragments  and  flakes  of  the 
various  stones  used  by  the  Indians  in  making  their  implements,  accom- 
panied occasionally  by  chippiog-azes,  hammers,  skin-scrapers,  mortars, 
and  pestles.  These  camps  are  usually  situated  in  fields,  in  the  vicinity 
of  ronning  water,  and  also  in  the  neighborhood  of  a  bill  or  steep  bluff, 
to  which  they  could  retreat  in  case  of  attack.  In  a  small  grove  of  Cot- 
tonwood trees  near  Apex,  Colorado,  the  Indians  appear  to  have  made, 
in  formet  times,  great  quantities  of  tools  and  arrow-beads,  for  tbe  ground 
all  aronud  is  thickly  strewn  with  tools,  chippings,  and  arrow-heads,  some 
of  tbe  latter  made  of  beautiful  stones  and  of  the  most  exquisite  work- 
manship. Within  the  space  of  an  acre  or  two  ve  have  found  about  a 
bondred  arrow-heads  and  ten  axes  and  hammers.  The  Indians  seem 
to  have  cjrried  on  quite  a  trade  among  themselves,  in  order  to  procure 
tbo  materials  for  arrow-head  making,  as  some  of  the  chippings  fonod 
in  their  encampments  are  from  stones  which  cannot  be  fonud  within 
several  miles  of  this  place,  and  some,  I  think,  have  been  brought  fh>m 
distant  localities.  AlCbongb  the  Indians  used  several  kinds  of  stone  in 
the  mannfacture  of  arrow-beads,  yet  they  seem  to  have  had  a  preference 
for  qoartzite,  chalcedony,  and  jasperized  wood,  probably  on  account 
of  their  superior  hardness,  pnd  may  have  made  others  frpm  handsomer 
but  less  durable  stones  only  for  purposes  of  baiter,  as  the  Indians  of 
California  exchanged  arrow-beads  made  of  bottle-glass. 

The  following  minerals  were  employed  in  the  manufacture  of  tools : 
moss-agate,  chalcedony,  carnelian,  wood-opal,  sapphirine,  petrified  wood, 
flint,  red  jasper,  brown  quartzite,  agatized  wood,  obsidian,  yellow  qnartz- 
ite,  purple  and  yellow  jaspers,  smoky  quartz,  chert,  jasperized  wood, 
red  quartzite,  besides  several  undetermined  silicates.    While  speaking 
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of  tbe  eDcampmenta,  ft  will  be  well  to  describe  some  of  the  most  promi- 
neat  lodiaa  impIetDenta  foaod  in  this  neighborhood,  becaase  we  may 
safely  say  (if  xve  except  a  fevr  ecattered  tools  and  an  occaaioaal  arrow- 
head lost  in  hnnting)  that  they  are  all  to  be  foond  in  these  places.  The 
most  abundant  implements  are  cbipping-axes,  hammers,  Bkio-scrapers, 
mortars,  and  pestles,  bat  others  occar  to  which  we  are  onablA  to  apply 
names,  owing  to  oar  ignorance  of  their  former  uses.  The  chipping-azes 
are  nsually  made  from  pieces  of  qaartzite,  worn  or  chipped  down  to  an 
edge,  and  were  most  probably  employed  in  chipping  ont  flint-flakes  to 
be  Dsed  afterward  in  the  manufacture  of  weapon-points.  The  hammers 
are  simply  oval  stones,  sometimes  grooved  on  one  or  more  sides,  for  the 
purpose  of  attaching  them  to  bandies.  Tbe  skin-scrapers  fonnd  in  this 
vicinity  do  not  differ  much,  if  at  all,  from  those  procnred  in  other  local- 
ities. The  so-called  "  corn-mills"  consist  of  a  flat  slab  of  rock  containing 
on  its  npper  surface  an  oval  depression,  and  a  roundish  stooo  sopposed 
to  be  a  pestle.  These  mills  were  probably  used  in  pulverizing  roots,  aod 
perhaps  corn,  although  I  hardly  think  tbe  Indians  of  this  section  cnlti- 
vated  com,  or  any  other  sort  of  grain.  Sometimes  small  pieces  of  fine- 
grained qnartzose  rock  are  fonnd,  which  appear  to  have  been  used  in 
polishing  or  sharpening  weapons.  A  friend  of  mine  states  that  he  found 
near  Idaho  Springs  an  earthem  jar,  a  foot  below  the  surface,  containing 
a  quantity  of  reddish  paint,  and  I  have  found  at  the  encampment  at 
Apex  small  pieces  of  a  reddish  colored  sandstone,  which,  on  being  wet 
and  rubbed  on  the  flesh,  leaves  a  slight  red  stain.  I  have  been  Informed 
that  the  Indians  used  it  for  paint,  bnt  I  hardly  think  this  can  be  the 
case,  as  the  sandstone  is  quite  gritty  and  would  scratch  the  flesh  consid- 
erably. The  Indians  probably  bad  many  other  tools  besides  those  which 
I  have  mentioned,  bat  beingcomposedof  wood,  or  of  some  other  perish- 
able material,  they  have  decayed.  There  are  said  to  exist  in  some 
localities  large  circular  depressions  in  the  gronnd,  where,  according  to 
old  settlers,  the  Indians  were  in  the  habit  of  holding  W3^dances.  On 
tbe  top  of  a  steep  bluff  near  South  Table  Mountain  fs  a  semicircular 
wall  of  basaltic  bowlders  about  20  feet  in  length  and  a  foot  or  two  in 
height,  and  as  the  bluff  on  which  this  wall  is  situated  is  in  the  center 
of  a  large  prehistoric  encampment,  it  may  have  been  naed  as  a  breast- 
work for  the  purpose  of  defense.  On  the  Bide  of  a  steep  hill,  near  Green 
Mountain  is  what  appears  to  have  been  an  Indian  road ;  a  path  about  a 
yard  iu  width  has  been  made  by  clearing  away  the  stones  from  tbe  side 
of  the  hill  and  placing  them  as  a  border  on  either  side.  For  the  greater 
part  of  its  course  tbe  path  goes  straight  up  and  down  tbe  hill,  bnt  near 
the  bottom  of  the  bill  it  takes  an  abmpt  turn,  making  nearly  a  right 
angle  with  its  former  conrse. 
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Bv  Moess  Stbong,  </  Mineral  Point,  Wit. 

Traces  of  the  luoaDd-builders  are  fonnd  cxteodiDg  nortliward  in 
DaoD,  BarroD,  Folk,  Barnett,  and  Douglas  Gonnties.  The  localities, 
however,  are  not  uameroas,  and  the  monnds  are  nsaally  circalar. 

CommeociDg  la  the  territory  south  of  that  above  indicated,  the  monad 
shown  in  Fig.  1  was  observed  a  short  distance  west  of  the  village  of 
Orioo,  in  BicUIand  Count;.  It  is  situated  on  the  sontheast  quarter  of 
section  35,  township  9,  range  1  west,  ou  a  low,  sandy  ridge,  which  sep- 
arates the  Wisconsin  and  Eagle  Bivers;  and  about  a  quarter  of  a  mile 
northwest  of  it  is  the  mound  shown  in  Fig.  2. 

It  is,  perhaps,  an  open  question  whether  these  mounds  are  effigies  of 
men  or  birds,  but  after  a  careful  ezamiDation  of  them  and  of  many  others, 
1  incline  to  think  they  are  representations  of  the  haman  form. 

So  mncb,  and  so  much  only,  of  the  article  of  Mr.  Strong,  on  the  pre- 
historic monads  of  the  western  part  of  Wisconsin,  had  been  written  by 
him  before  the  1st  of  Angnst,  1877.  On  the  18th  of  that  month,  while 
engaged  in  the  prosecation  of  bis  geological  researches,  be  was  drowned 
in  the  Flambeau,  a  branch  of  the  Chippewa  Biver,  leaving  unfinished 
the  article  of  which  he  had  commenced  tbe  preparation.  The  field-book 
left  by  bim  contains,  however,  tbe  notes  of  his  examinations  of  several 
mounds,  with  rongh  pencil  sketcbesof  their  forms  and  dimensions.  These 
notes  and  sketches  being  in  my  possession  as  bis  father  and  administra- 
tor, I  have  bad  drawings  prepared  representing  tbe  mounds,  which,  with 
copies  of  the  original  field-notes  explanatory  of  them,  are  herewith  sub- 
mitted. 

Fig.  3  is  a  sketch  representing  mounds  near  Wauzeka,  in  Crawford 
County,  which  are  retiBrred  to  in  the  field  notes,  as  follows;  <'The  fol- 
lowing shows  a  number  of  moQuds  near  Wauzeka.  There  is  only  one 
which  is  at  all  remarkable  in  appearance ;  the  rest  are  the  nsaal  ronnd 
and  straight  moands.  Tbe  large  one  has  been  excavated  in  three  places 
and  scraped  away  on  its  western  end.  It  seems  to  consist  principally  of 
sand.    Examined  May  31, 1875." 

The  accompanying  pencil-sketch  (Fig.  4)  was  made  by  Mr.  Strong,  on 
a  scale  of  120  feet  to  the  inch,  from  his  notes,  and  is  given  as  he  prepared 
it,  instead  of  attempting  to  make  another  draaght. 

All  that  is  contained  in  the  field-notes  concerning  this  group  is  written 
upon  the  margin  of  a  sketch,  and  is  in  these  words :  "  Map  of  moands 
at  Hazen'a  Comers,  on  the  Black  Biver  read,  made  Jnne  5, 1875,  in  N.  E. 
4  sec.  35,  T.  8,  B.  0  W.  The  moands  lie  in  the  brush  and  woods,  on  the 
crest  of  the  ridge." 

The  sketch  of  Fig.  5  was  also  made  by  Mr.  Strong,  in  pencil,  and  is 
given  as  be  prepared  it,  together  with  tbe  following  in  relation  to  it, 
which  is  all  the  field-notes  cont^n  :  "K.  E.  1  of  sec  21,  T.  8,  B.  6  W.; 
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lies  on  ccest  of  ridge  ^oce.    SaTr  severBl  long,  straight  moands  on  crest 
of  ridge  in  S.  W.  }  of  aeo.  21." 


The  accompanying  drawing  [Fig.  6]  y/as  taken  by  tracing  from  the 
sketch  made  in  the  field,  and  the  proportions  are  probably  not  exact, 
bat  can  be  corrected  by  the  dimensions  marked  apon  it. 


0 
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The  field-Dotes  accompanying  thia  drawing  are  as  fol- 
lows :  "  Man-shaped  moand  in  N.  W.  i  of  sec.  21,  T.  8, 11. 0 
W. — very  short  legs,  thick  body,  and  long  arms.  There  arc 
three  more  exactly  similar  to  this,  a  little  farther  west  iu  a 
ploughed  field."  Then  follow  in  the  field-notes  rndo 
sketches  of  the  three,  without  dimensions,  of  which  trac- 
iuga  are  given  (Figs.  7,  8,  and  9),  and  the  only  notes  are 
as  follows :  "Three  effigies  in  a  ploughed  field." 

The  next  two  drawings  (Fig.  10  and  11)  are  peaeil- 
sketches  of  bird-mounds  made  by  Mr.  Strong,  on  a  scale 
(No.  10,  of  60  feet  to  an  inch,  and  Ko.  11  of  60  feet  to  an 
inch).  The  following  remarks  in  relation  to  these  mounds 
is  all  the  information  that  the  field-notes  supply: 

"  Bird-mound  in  8.  B.  J  of  sec.  19,  T.  8,  B.  G  W.    No.  10." 

"  No.  10  lies  about  50  feet  N.  E.  of  No.  11,  and  is  50  feet 
from  tip  to  tip  of  the  wings." 

"  No.  11  is  a  biid.  Lies  on  crest  of  ridge-on  end  of  it, 
toward  the  Miss.  Bivcr,  where  the  ridge  splits  up." 

The  field-notes  coutain  the  following  in  this  connection  : 
•'  The  creek  wbiuh  runs  through  sees.  27,  28,  29,  30,  T.  8, 
B.  6  W.  forms  a  little  table  about  a  mile  above  its  month, 
which  is  covered  witb  monuds,  but  so  overgrown  with  brush 
that  it  is  bard  to  make  them  out.  The  valley  is  narrow 
and  walled  in  with  cliffs  of  lower  magnesian  limestoue  200 
feet  tliick.  Potsdam  sandstone  does  not  appear.  Timber 
in  this  part  of  the  conutry  is  scattering  white-oak." 

The  next  drawing  (Fig.  12)  is  made  from  a  sketch  in  tho 
field-notes. 

In  reference  to  this  drawing  (Fig.  12)  the  fleld-notes  con- 
tain the  following;  "Monday,  June  7.— Mounds  on  the 
Black  Kiver  road  on  3.  E.  J  sec.  24,  T.  8,  B.  0  W.  Mounds 
,  are  covered  with  growth  of  small  black  oak.  Two  hundred 
feet  east  of  No.  12  ia  a  straight  mound  250feet  long — coarse 
N.E." 

The  accompanying  drawing  (Fig.  13)  is  taken  from  a 
field-sketch,  made  by  Mr.  Strong  in  his  field-notes,  and  the 
other  (Fig.  14)  is  intended  to  be  like  it.  The  fleld-notes  con- 
tain thefollowiug:  "Fifteen  feet  N.  E.of  No.  13  is  another 
exactly  like  it,  situated  in  the  same  way.  They  lie  25  feet 
S.  E.  of  Black  Biver  road." 

From  the  field-notes  it  is  evideut  that  these  two  moaoda 

(Figs.  13  and  14)  are  in  the  east  half  of  section  24,  township 

8,  range  6  west. 

The  next  drawing  {Fig.  15)  is  made  ftom  a  field-sketch,  which  is 

accompanied  by  the  following :  «  8.  W.  J  sec.  19,  T.  8,  E.  6  W.   No.  15 

lies  abont  one  mile  beyond  No.  13,  od  the  north  side  of  the  road." 
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The  field-notes  contain  tlie  following :  "  Tborsday , 
Jane  10.— The  ridge  io  sec.  26,  T.  9,  B.  6  W.,  is  very 
narrow  and  steep  on  each  side.  Bidge  is  not  over 
tliirty  yards  wide,  and  tlie  crest  bos  nameroas  long, 
straight  moonds  on  it  conformiDg  to  it.  The  view 
from  here  is  very  fine.  The  mound-bailderB  chose  the 
ends  of  the  ridges  overiooking  the  Miss.  Biver  for  Lheir 
monnds.  Saw  a  man-shaped  mound  near  ^  post  be^ 
tween  sees.  36  &  3d,  T.  9,  B.  6  W.» 

Fig.  16  is  a  pencil-sketch  drawn  by  Mr.  Strong  from 
the  sketch  contained  in  his  field-notea: 

The  field-notes  contain  the  following  in  relation  to 
the  drawing  (Fig.  16) : 

"  On  the  nian-effigies  the  body  and  breast  bulge  up 

1  mnch  higher  than  the  rest.    They  look  tike  a  man 

"I  lying  on  his  back.    Mounds  all  about  three  feet  bigb. 

-'  Arms  and  legs  on  tbese.mounds  about  ten  feet  wide. 

Monnds  in  S.W.  ^  sec.  26,  T.  9,  B.  6  W.,  on  crest  of 

ridge." 

"  Saturday,  June  12.— Went  with  Dr.  Wight  (Dr. 
O.  W.  Wight,  then  chief  geologist)  and  father  and 
George  (Geo.  Haven,  assistant),  and  dug  up  moanU 
(B,  Fig.  16).  The  mound  was  made  of  clay,  and  easy 
digging.  Fonnd  in  bottom  a  tbiu  stratum  of  hanl 
.  clay,  with  a  whitish  substance  which  may  have  been 
decayed  bones." 

The  accompanying  drawing  [Fig.  17)  is  made  from 
a  sketch  found  in  the  field-notea. 

The  field-notes  contain  the  following  in  relation  to 
this  mound  (Fig.  IT):  * 

"Man-mound  on  west  fork  of  the  Kickapoo  Kiver, 
"  in  N.  W.  i  sec  27,  T.  12,  E.  3  W." 


THE  MOUNDS  iNO  OSTEOLOfll  OF  THE  HOrXD-BCILDERS  OF  VISCOXSIX. 

By  J.  N.  DeHaTit,  M.  D,,  o/  Mendota,  Wit. 

Along  tbe  northern  and  eastern  shores  of  Lake  Mendota,  or  Lake  of 
tlie  Great  Spirit,  as  it  was  called  by  tbe  aborigines,  many  monnds  are 
found,  whose  outlines  are  quite  distinct,  and  represent  the  bear,  deer, 
sqairrel,  and  other  animals,  while  a  few  of  them  imitate  birds  of  various 
kinds.  Some  of  tbe  latter  resemble  the  eagle,  and  are  of  very  large 
dimensions.  There  are  three  mounds  of  this  character  in  close  prox- 
imity to  each  other ;  the  body  of  the  largest  bird  measures  100  feet  iu 
length,  and  30  feet  in  width  at  the  junction  of  its  wings;  while  its  tail 
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expands  to  the  width  of  40  feet,  and  the  vings  are  each  300  feet  long. 
The  head  is  perfectly  formed,  so  that  the  beak  is  qnite  distinct,  aod 
measures  15  feet  iu  leagth.  The  other  two  eagles  are  somewhat  smaller 
in  all  of  their  dimensions.  Near  the  left  wings  of  two  of  these  birds, 
the  form  of  a  deer,  3  feet  in  height,  is  easily  recognized.  The  body  of  . 
the  deer  is  65  feet  long,  and  the  legs  measare  11  feet  in  length ;  the  I 
head  measares  12  feet  from  the  tip  of  the  nose  to  the  origin  of  the 
antlers.  These  latter  are  each  10  feet  long,  with  branches  extending  at 
nearly  right  angles  from  their  center.  Near  the  right  wing  of  the  third 
bird  is  the  form  of  a  hear. 

Id  Sank  County,  one  monnd  is  made  in  the  form  of  an  animal,  which 
also  resembles  a  sqnirrel,  whose  body  is  160  feet  long,  with  a  remark- 
ably long  tail,  measuring  320  feet. 

Dr.  Lapham,  in  his  '* Antiquities  of  Wisconsin,"  describes  a  monnd 
which  represents  a  turtle  measuring  6  feet  in  height,  60  feet  in  length, 
with  a  caudal  appeudagc  250  feet  long.  Another  ancient  mound  is  in 
the  form  of  a  night-hawk,  whose  expanded  wings  measure  240  feet  in 
length. 

While  many  of  the  ancient  moands  represent  different  kinds  of  ani- 
mals and  birds,  others  are  circular  in  form,  and  a  few  are  oblong. 

There  are  several  ancient  monnds  located  upon  the  northeastern 
shore  of  Lake  Mendota  and  on  the  lawn  of  the  former  residence  of 
EZ'Govemot  Farwell. 

The  largest  of  these  monnds  is  circnlariDform,and  measures  ISSfeet 
in  circnmference  and  35feetfh>m  the  base  to  Its  summit.  It  is  elevated 
96  feet  above  the  lake,  and  was  the  first  explored.  It  is  the  highest  of 
all  the  mounds  in  this  gronp,  and  located  in  a  central  poi<ition.  From 
its  elevated  site  it  could  have  been  used  for  observation  and  as  a  means 
of  communication  by  «gnal  with  other  monnds  in  ihe  adjacent  country. 
The  view  fh>m  it^  summit  extends  from  8  to  10  miles  in  all  directions. 

In  commencing  the  explorations,  it  was  decided  to  sink  a  perpendicu- 
lar shaft,  about  6  feet  square,  through  the  center  of  the  mound  from  tho 
apex  to  the  bottom.  After  removing  the  surface,  a  rich  black  earth, 
similar  to  what  is  fonnl  alongthesboreof  the  lake  where  muck  accumn- 
lates  or  on  the  prairio  bottom,  was  encountered  to  the  depth  of  5  feet. 
At  this  depth  and  on  the  western  sideuf  the  shaft  stones,  composed 
of  magnesian  lime  and  yellow  and  red  sandstone,  were  found.  BeIoi7 
this  layer  of  earth  there  was  a  bed  of  yellow  clay  4  feet  in  depth,  through 
which  a  course  of  similar  stones  was  found,  arranged  in  a  circular  man- 
ner, and  passing  off  toward  the  opposite  side  of  the  shaft.  Some  of 
these  stones  were  quite  large,  and  presented  a  dat  surface,  while  a  few 
of  them  bore  indications  of  having  been  broken  from  tho  stratum  of  lime- 
stone, which  is  found  just  below,  along  the  shore  of  the  lake.  These 
had  been  worn  quite  smooth  in  places  by  the  continual  washing  of  the 
water.  Beneath  the  bed  of  yellow  clay  a  course  of  rich  earth,  similar 
to  the  first  layer,  was  found.    This  deposit  was  4^  feet  in  depth.    After 
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removing  two  feet  of  this  conrse,  some  ashes  were  fonnd  lying  quite 
near  the  layer  of  stones  previously  described.  Ohftrooal  and  decayed 
wood  in  small  qnantities  were  unearthed ;  also  a  few  shells  and  small 
pieces  of  flint.  The  earth  was  very  dry  and  nnderneath  the  stones  was 
very  hard,  and  had  the  appearance  of  having  been  baked.  Another 
loot  of  earth  was  removed,  when  the  skeleton  of  an  adalt  monnd-bnilder 
was  discovered  at  the  sontbeastern  corner  of  tbe  shaft,  in  a  sitting 
imsture,  resting  upon  a  natural  bed  of  yellow  clay.  Several  pieces  of 
the  cranium,  the  inferior  maxillary,  vertffbrse,  ribs,  and  bones  of  the  ex- 
tremities were  fonnd,  bat  none  of  them  where  wholly  perfect.  There 
was  a  mold  in  tbe  earth,  in  which  tbe  skull  had  lain,  but  only  portions 
of  the  bones  were  fonnd.  The  body  of  the  inferior  maxillary  was  very 
large.  The  vertebriB  were  larger  than  those  of  the  present  human  type, 
and  the  right  humerus  was  perforated  at  its  inferior  extremity.  The 
l)erforatioa  on  tbe  anterior  surface  of  tbetwneissurroanded  by  a  gradu- 
ally-receding border  or  margin.  This  bone  is  no  doubt  of  great  antiquity, 
and  is  very  mnch  decayed,  the  superior  extremity  having  disappeared. 
In  DO  case  did  I  find  any  of  the  long  bones  wholly  perfect,  but  all  of 
them  were  broken  near  the  center  of  tbe  shaft,  tbe  other  extremity  not 
being  found.  It  is  hardly  probable  that  this  is  doe  to  decay,  bat  as 
otbers  have  previonsly  stated,  may  point  to  some  superstitious  rite  or 
custom  connected  with  the  sepulture  of  the  dead.  This  was  the  only 
humerus  found  with  cither  extremity  iu  a  nearly  perfect  conditioa. 
Two  small  sections  of  the  shaft  of  the  other  humerus  were  removed 
from  the  tumulus,  but  they  did  not  present  any  anomaly. 

The  shafts  of  ten  ttbite  fonnd  in  this  mound  presented  a  remarhable 
flatness.  In  comparing  the  specimens  ibnnd  near  Jjalie  Mendota,  in 
monud  No.  1,  with  those  reported  by  Mr.  Gillman  (see  Report  1873), 
I  find  they  are  very  similar;  and  whfle  his  measure  v*,"^  ^^  ^°  ^°'^^  io 
comparing  their  antero-posterior  diameter  with  the  transverse  diameter, 
my  si>ecimens  measure  ^'^  of  an  inch  in  the  same  diameter. 

The  bones  of  the  cranium  crnnibled  into  many  pieces  when  removed, 
and  could  not  be  put  together  so  as  to  give  a  proper  idea  of  its  couformn- 
tion  aud  strneture. 

[Juderneath  the  rcmaius  of  this  mound-builder  were  a  few  inches  of 
black  cnrtb,  the  removal  of  which  revealed  a  coarse  of  stones  similar  to 
those  found  elsewhere  in  tbe  mound.  These  stones  lay  upon  a  natural 
bed  of  yellow  clay.  As  there  were  no  evidences  that  it  hnd  ever  beeo 
disturbed,  and  being  below  the  level  of  tbe  surrounding  ground,  it  was 
not  thought  bent  to  continue  tbe  shaft  any  deeper. 

A  drift  was  then  made  into  the  side  of  tbe  mound,  about  3  feet  above 
the  level  of  the  snrrounding  surface,  and  to  the  width  of  8  feet.  Anco* 
removing  several  feet  of  black  earth,  a  similar  course  of  stones,  as  pre- 
viously described,  were  fonnd;  charcoal,  ashes  and  decayed  wood  were 
discovered  near  them.  On  continuing  the  drift  toward  the  center  of  the 
tumulus  and  near  the  shaft  previously  suuk,  the  remains  of  tbe  skeleton 
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of  a  yonng  moand-bailder  were  found,  probably  not  more  than  six  years 
of  age,  and  in  a  sitting  iwstnre.  Only  a  few  pieeCR  of  the  cranium,  sev- 
eral vertebrsB,  portions  of  the  long  bones  of  the  extremities,  and  the  su- 
perior and  interior  maxillary  were  fonod.  Sereml  teeth  were  still  Id  the 
alreolar  process  of  the  superior  mnxillary.  Many  pieces  of  flint,  a  few 
shell  beads,  aod  two  fossil  teeth  of  some  animal,  about  one  inch  and  a 
half  long,  were  taken  from  the  same  vicinity.  About  one  foot  from  these 
remains  three  pieces  of  ancient  pottery  were  discovered.  The  largest 
piece  measured  4^  by  5}  inches,  and  bore  indications  of  having  been 
part  of  the  bottom  of  an  earthen  bowl.  It  was  smooth  on  the  inner  sur- 
face, and  marked  externally  by  oblique  lines,  such  as  are  frequently 
found  upon  the  ancient  pottery  of  the  monnd-bnilders. 

The  drift  was  continued  toward  the  center  of  the  tumulus  as  far  as  the 
shaft  and  then  downward  to  the  natural  bed  of  yellow  clay.  Just  before 
reaching  the  shaft,  and  after  removing  a  course  of  magnesian  limestone 
and  yellow  and  red  sandstone,  a  few  bones  of  the  cranium  and  portions 
of  the  long  bones  of  another  adnlt  mound-builder  were  found.  These 
were  all  that  remained  of  this  skeleton. 

Many  flat  stones  were  found  below  the  skeleton,  npon  which  lay  char- 
coal, ashes,  and  decayed  wood.  Large  pieces  of  flint  were  qaite  nnmer- 
ous  in  this  vicinity.  Some  of  the  stones  bad  been  exposed  to  such 
intense  heat,  that  they  crumbled  to  pieees  on  handling  them.  At  the 
junction  of  the  drift  and  the  perpendicular  shaft  a  pillar  of  earth  was 
encountered.  On  removing  this,  a  few  boues  of  the  foot  of  the  first  skele- 
ton were  found,  together  with  targe  quantities  of  ashes,  charcoal,  decayed 
wood,  and  flints.  A  flat  disk  of  stone,  one-fonrth  of  an  inch  in  thickness 
and  4  inches  in  diameter,  was  removed  from  the  earth  forming  the  pillar. 
Similar  stone  disks  have  been  met  with  in  other  aocient  mounds,  and 
are  supposed  to  have  been  used  by  them  in  playing  games. 

Mound  No.  2,  circular  in  form,  and  located  a  few  yards  from  mound 
No.  1,  was  then  explored.  It  was  about  6  feet  high  and  130  feet  in 
circnmferencft. 

A  drift  6  feet  wide  was  made  in  the  side  of  it,  on  a  level  with  the  sur- 
ronnding  ground.  After  removing  the  surface,  a  layer  of  gravel  and 
pebbles  to  the  depth  of  1  foot  was  encountered,  and  at  the  summit  there 
was  a  conrsc  of  sund,  dipping  downward  ;  this  was  followed  by  a  course 
of  black  earth  about  3  feet  deep.  Below  this  there  was  a  third  stratum 
of  gravel  and  aand ;  then  a  course  of  earth  to  the  depth  of  1  foot.  A 
thin  stratum  of  sand  was  then  removed,  which  revealed  ashes,  charcoal, 
and  pieces  of  flint  lying  upon  an  altar  of  stone  resting  upon  a  bed  of 
yellow  clay.  This  altar  was  about  1^  feet  below  the  natural  snrfoce. 
The  excavation  was  continued  1^  feet  deeper,  but  nothing  was  fonnd. 

A  few  feet  from  the  summit  of  this  mound  there  was  a  tree,  measur- 
ing 5}  feet  in  circumference.  In  the  side  of  this  tree,  and  fastened  in 
the  bark,  was  a  stone  pestle.  This  bad  evidently  been  carried  upward 
thongb  the  mound  by  the  growth  of  the  tree.    The  bark  of  the  tree  was 
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broken  aad  the  peatle  removed.    It  was  formed  of  a  very  bard,  gray, 
granite,  and  measored  6  inches  by  8  laches. 

Owing  to  the  rapid  approach  of  cold  weather,  uo  farther  examination 
of  these  mounds  was  made.  Xext  spring  it  Is  my  intention  to  continoe 
the  explorations,  and  I  hope  to  find  more  evidences  of  the  existence  uf 
this  ancient  race. 


PITS  AT  EHBARBASS,  WISC0X81X. 

By  E.  E.  Bkeed,  of  Embarrati,  Wit. 

There  is  a  series  of  pits  on  the  northwest  of  the  northwest  section  10 
and  northeast  of  the  northwest  section  10,  township  25,  range  15  ease 
(town  of  Matteson).  They  are  in  an  irregulur  line ;  general  direction, 
from  northwest  to  southeast ;  from  4  to  6  rods  apart.  Qaite  a  number 
are  in  pairs.  The  depth,  as  foand  by  excavating  the  earth  that  bad 
caved  in,  was  originally  from  1  to  6  feet ;  diameter,  3'  feet.  In  almoot 
every  instance  the  earth  was  thrown  out  on  the  sonthwest  side;  soil 
sandy.  A  few  years  ago  tbe  land  was  covered  by  a  heavy  growth  of 
timber,  principidly  hemlock.  Trees  over  two  hnudred  years  old  grew 
on  tbe  earth  that  had  been  thrown  oat.  Tbeobain  is  broken  by  a  small 
pond,  perhaps  10  rods  across,  but  follows  a  sandy  ridge  most  of  tbe 
way. 


HOODS  O  DEIAWABE  CODXTT,  IOWA 

Bt  M.  W.  Moultok,  nf  MonlkeUo,  Iowa. 

So  tiikr  as  now  known,  the  credit  of  discovering  these  monnds  belongs 
to  Mr.  Bynerson,  of  Hopkinton,  and  the  following  brief  description  will 
convey  some  idea  of  tbeir  size  and  relative  position :  Assnming  a  start- 
ing point  which  I  shall  call  A,  as  tbe  most  important  moand  of  the 
system,  from  A  in  nearly  a  westerly  conrse  is  a  row  of  moands  ten  in 
number,  exclusive  of  A.  This  row  curves  a  little  for  tbe  purpose  of 
following  tbe  highest  laud,  tbe  surface  descending  both  north  and  south. 
Starting  again  at  A,  and  following  a  coarse  west  of  sontb  aboot  20 
degrees,  for  36  yards,  we  come  to  an  earth-work  of  continuous  eleva- 
tion and  10  yards  in  length.  After  an  opening  of  10  yards,  this  ele- 
vation continues  50  yards  farther,  making  a  work  100  yards  In  length, 
including  the  opening.  Leaving  the  sooth  end  of  the  long  earth-work, 
and  stepping  18  yards  due  west,  thou  followiug  a  line  parallel  with  the 
long  eartli-work  54  yards,  we  come  to  the  first  of  another  set  of  mounds 
uix  in  number.  These  are  in  an  exact  line.  From  the  most  southem  of 
these,  and  extending  nearly  in  a  western  course,  is  still  another  set  of 
six.  These  are  also  in  a  straigUt  line.  The  north  and  south  rows  are 
parallel  to  each  other.    It  will  be  observed  tbut  these  three  sets  form 
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nearly  a  hollow  sqoare,  witb  tUe  opening  to  the  west.  The  area  inolosetl 
is  aboQt  ten  acres.  Returning  again  to  oar  starting  point  at  A,  and  par- 
saing  p.  Dortbeaslerly  coarse,  we  find  the  most  remarkable  set  of  the 
system,  eleven  in  aarnber,  extending  from  A  in  nearly  a  straight  line. 
This  set,  with  the  exception  of  three,  is  almost  perfectly  preserved,  ris- 
ing abruptly  from  a  comparatively  level  surface  to  a  height  of  about  foar 
feet,  ronnd  and  symmetrical,  and  with  a  base  diameter  of  about  30  feet 
The  system,  as  a  whole,  is  well  preserved. 


EiRTH-WORKS  OY   THE  ABKAXSiS  RITER,  BlITEBX  SUES  BELOW  LITTLE 
ROCK. 

Bt  Mrs.  GaDKBT  Gmafp,  o/LiltU  Boeic,  Jrk. 

When  we  came  into  possession  of  tbis  ptantatiou  thirty  years  ago,  it 
was  an  unbroken  wilderness.  We  were  attracted  to  the  place  by  the 
immense  artificial  monnds  and  a  wall  similar  to  onr  levees,  from  6  to 
10  feet  bigh,  inclosing  ninety  acres,  and  forming  a  half  circle  on  the 
lake  bank,  which  might  have  been,  at  one  time,  the  Arkansas  River. 
Id  the  wall  are  two  opeaings,  both  deep  pools  of  water. 

Within  tbe  area,  between  the  lake  (which  is  three  miles  long)  and  the 
wall,  are  numerons  monnds,  bat  only  two  of  great  size ;  the  heights  are 
Tarioasly  estimated ;  one,  which  was  called  100  feet  high,  we  have  cnl> 
tlvated  for  twenty  years.  It  produces  more  than  a  bale  of  cotton,  so 
yoa  may  Imagine  tbe  size.  As  the  years  go  by,  it  washes  away,  and 
nide  relics  are  picked  up.  It  was  certainly  a  place  of  sepallare,  for 
homan  bones  are  fonnd  tier  apon  tier,  mingled  with  those  of  deer  and 
other  animals.  They  are  of  great  age,  and  crumble  od  being  exposed 
to  tbe  air. 

One  of  the  elevated  monnds,  still  covered  with  trees,  sometimes  gives 
forth  a  ringing  sound  as  if  it  were  hollow,  when  wagons  are  driven  ronnd 
it.  These  two  larger  monnds  are  situated  sixteen  miles  southeast  of 
Little  Bock,  in  the  allnvial  valley  of  the  Arkansas,  where  the  black 
deposit  is  10  feet  deep,  and  no  stones  or  pebbles  exist  naturally ;  bat 
tbe  bygone  race  who  made  it  their  homo,  brought  crystals,  flints,  jasper, 
granite,  and  sandstone  from  Hot  Springs. 


ANTKtCITIBS  OF  KANSIB  CITI,  HIS80VRI 

Br  W,  H.  B.  LVKiNS,  of  KaitKu  Ciiy,  ZTa. 

We  have  lately  made  a  discovery  here  of  a  number  of  Indian  moands 
which  are  evidently  of  great  antiquity.  They  are  sitoated  on  the  north 
side  of  the  Missouri  River,  in  the  angle  of  the  Great  Bend,  upon  tbe 
high  blnfis  commanding  a  view  of  tbe  country  abont  the  month  of  tbe 
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KaDsaa  Rivor,  directly  opposite.  Tbey  are  fonnd  for  several  miles  np 
and  dowD  tbe  river,  scattered  in  groapa  of  tbree  aod  fire.  Tbe?  are  of 
two  kinds,  one  made  entirely  of  earth,  the  other  has  an  interior  cod- 
t<traction  of  stone,  but  outwardly  they  are  all  nmilar  in  appearance. 
Thoy  are  of  an  irre^lar  oval  shape,  about  60  or  75  feet  id  length  at  the 
base,  aod  froni  4  to  6  feet  high.  All  have  had  a  heavy  growth  of  tim- 
ber oil  them.  Ou  the  apex  of  one,  a  atone  moand,  I  noticed  a  large 
burr  oak  about  6  feet  in  diameter,  and  on  aaotber,  the  decayed  stump 
of  a  black  walnat  about  the  same  size. 

We  bavc  not  yet  made  any  exteDded  investigation  of  these  moDoda, 
but  examined  partially  one  groop  of  five,  three  of  which  were  of  earth 
and  two  of  stone  and  earth.  In  the  center  of  No.  1,  an  earth  monnd, 
at  a  depth  of  about  five  feet,  we  found  a  hnman  skeleton,  lying  north 
and  sooth,  with  its  face  to  the  east.  The  bones  were  so  fragile  that 
we  could  only  get  them  out  in  fragments.  The  skull  foil  to  pieces  as 
soon  as  exposed  to  the  air;  we,  however,  saved  the  frontal  bone  in 
tolerably  good  condition.  We  did  not  notice  any  very  marked  peculiar- 
ity as  to  tbeso  bones  except  their  great  size  and  thickness,  and  tbe  great 
prominence  of  the  supraciliary  ridges.  The  teeth  were  worn  down  to 
a  smooth  and  even  surface.  Tbe  next  one  we  opened  was  a  stone  mound. 
On  clearing  off  the  top  of  this  we  came  upon  a  stone  wall  inclosing  an 
area  about  8  feet  square,  with-  a  narrow  opening  for  a  doorway  or  en- 
trance on  the  south  side.  The  wall  of  this  inclosure  was  abont  2  feet 
thick ;  the  inside  was  as  smooth  and  compactly  built  and  the  cor- 
ners as  correctly  squared  as  if  constructed  by  a  practical  workman. 
No  mortar  bad  been  used.  At  a  depth  of  about  2  feet  from  tbe  top 
of  the  wall  we  found  a  layer  of  five  skeletons  lying  with  their  feet 
toward  the  south.  The  bones  were  in  the  same  condition  as  those 
of  No,  1.  We  saved  two  or  three  of  tbe  skulls  in  a  tolerable  condition, 
by  coatiog  them  with  thick  varnish  as  soon  as  exposed.  We  did  not  go 
any  deeper  in  this  moand  ;  but  there  are  probably  other  layers  of  bones 
beneath  the  ones  we  uncovered.  Mound  No.  3  was  also  a  stone  mound, 
and  coDtained  a  stone  wall  inclosing  a  room  about  the  same  size  as  that 
in  No.  2,  but  was  built  in  a  very  rough  manner  as  compared  with  the 
other.  We  removed  the  earth  of  about  half  of  this  inclosure,  but  found 
nothing  inside  but  a  mass  of  charcoal,  ashes,  and  burnt  human  bones. 
The  walls  and  earth  around  them  appeared  to  have  been  subjected  to 
long-continued  beat,  and  the  place  bad  evidently  been  used  for  crema- 
tion or  sacrifice.  No.  4  was  a  very  large  earth  mound.  In  the  center 
of  this,  at  a  depth  of  four  feet,  we  found  a  small  pile  of  loose  stones 
covering  a  few  haudfnls  of  broken  and  calcined  human  bones,  too  frag- 
mentary to  make  anything  out  of  them.  This  was  the  extent  of  our  ex- 
plorations at  this  time.  No  fiint  implements,  iwttery,  or  any  other 
relics  were  found  with  tbe  bones.  A  farmer  living  in  the  vicinity  reports 
having  ploughed  up  a  lot  of  pottery ;  but  it  was,  unfortunately,  all  do- 
.stroyed  by  his  boys,  who  threw  it  on  a  burning  log-heap  to  see  if  it 
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would  "  sUDtl  fire."  No  fliute  are  toaaA  on  the  surface  iu  the  neigh- 
borhood of  ihe  mouads ;  bat  the  larmers  say  tbat  wheu  their  fields  be- 
come old  and  woru  the  plough  oftea  turos  tbcni  up  from  the  yellow  clay 
beneath  the  soil.  A  few  rude  stone  axes  aad  arrow-heads  were  found 
in  the  raviues,  whero  they  had  been  washed  out  of  the  bank.  A  geu- 
tleman,  living  near  the  mounds  wo  opened,  has  a  spearhead,  which  he 
foQDd,  wheo  digging  a  foundation  for  his  house,  at  a  depth  of  over  3. 
feet.  His  houiie  is  situated  on  one  of  the  bif;best  points  in  this  locality. 
In  our  excavations  into  the  monods  we  did  oot  find  au;  of  the  black 
anrface-soil  which  covers  the  land  here;  the  earth  was  eotirely  homo- 
geneous, and  was  of  the  toess  or  bluff  formation  which  covers  these  hills. 
The  moonda  have  the  same  depth  of  soil  on  them  as  the  surrounding 
surface,  and  there  is  no  trace  of  any  pits  or  depiessious  from  which  tht- 
tarth  might  have  been  taken  to  construct  Ihem. 


THE  MUltNS  Bl'ILDEBS  IX  TRE  ROCK  RIVEB  YALLET,  IUI!(«I8. 

By  James  Shaw,  of  iTount  Carroll,  III. 

That  part  of  the  State  of  Illinois  culled  the  Rock  liiver  country  is,  in 
many  respects,  one  of  the  most  interesting  portiousof  the  great  North- 
west. 

The  early  settlers  and  explorers  fonnd  this  valley  thickly  peopled  with 
Indian  tribes,  who  regarded  it  as  a  favorite  hunting  and  fishing  ground. 
Black  Hawk  and  hia  brother,  the  Prophet,  here  made  their  last  desper- 
ate struggle. 

Those  remains  which  can  hardly  be  called  prehistoric,  such  as  the 
latur  Indian  tribes  and  the  early  French  explorers  left,  will  be  dismissed 
with  a  passing  notice.  Id  some  locaUties,  the  early  settlers  well  remem- 
ber the  evidences  of  an  lodiao  caltivatioa  of  the  soil,  where  well-de 
fined  hillocks  in  parallel  rows  marked  the  old  corn  fields.  Immediately 
east  of  Bock  Island,  and  at  various  places  in  the  rich  alluvial  bottom 
lands,  these  were  found  per£ectly  distingoishable.  They  are  mostly 
worn  away  now  by  the  rains  and  subsequent  cultivation.  The  writer 
has  also  au  iron  lance-head,  picked  up  many  years  ago  on  the  prairies 
of  this  county,  whose  wooden  shaft  was  well-nigh  rotted  away,  evi- 
dently used  by  the  Indians  in  spearing  the  bnfi&tlo,  when  they  pastured 
ou  oar  prairies.  In  several  localities  old  decayed  camp-kettles,  of  bras-t 
or  zinc,  have  been  found  buried  near  the  edges  of  streams,  which  weru 
evidently  used  by  the  early  explorers  and  voyagears  before  the  country 
was  settled  by  white  men.  Two  of  these  were  recently  found  near  the 
banks  of  Bock  Biver,  between  Dixon  and  Sterling,  luid  are  now  in  the 
collection  o*  Dr.  Everett,  of  the  former  city. 

There  is  also  abundant  evidence  that  this  Bock  River  conntry  was 
densely  people<l  by  the  mound-builders.    They  have  left  their  remains 
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everywhere,  on  all  its  most  beautiful  spots.  Stone  implements,  copper 
wrai>ous  and  ornaments,  and  the  remains  of  their  plastic  art  are  also 
frequently  found. 

The  antiquities  of  that  portion  of  Bock  Biver  flowing  through  the 
State  of  Wisconsin  and  of  the  Wisconsin  coaoties  lying  immediately 
north  of  this  part  of  the  State  of  Illinois  have  been  folly  described  by 
Mr.  Lapbam,  in  YoL  VII  of  the  Smithsonian  Contributions  to  Enowl- 
odge.  Bat  the  antiquities  of  the  Southern  Bock  Biver  Valley  and  of 
Northwestern  Illinois  yet  remain  comparatively  unknown. 

It  is  the  design  of  the  writer  to  indicate  briefly  the  character  and  ex- 
tent of  the  works  of  the  mound-bnitders  in  this  region  of  Illinois. 

The  first  thing  to  be  noticed  is  the  contrast  between  the  character 
of  the  remains  found  here  and  those  of  Wisconsin  and  the  Obio  Talley. 
The  animal  figures  and  cfBgies  of  the  former  State  are  almost  wanting 
here.  With  the  exception  of  a  large  turtle  mound  within  the  limits  of 
the  city  of  Bockford,  and  a  few  rude  serpent-shaped  structures  in  an- 
other part  of  the  district  examined,  the  mounds  are  ronud  or  oblong  in 
form.  Nothing  like  the  great  field-works,  fortifications,  and  sacred  in- 
closnres  of  Ohio,  or  such  as  are  found  at  Aztalan,  in  Wisconsin,  exist, 
so  far  as  known,  on  or  near  the  shores  of  Soathern  Bock  Birer.  Bot 
the  oblong  and  common  round  mounds,  eome  of  them  of  large  size,  may 
be  counted  by  thousands.  The  valleys  of  the  Pox  and  Wisconsin  Bivers, 
not  a  great  distance  from  us,  are  very  similar  to  this  section  of  conatry 
in  their  physical  geography.  The  upper  valley  of  Bock  Biver  very  much 
resembles  the  lower;  the  monnd-boilders  swarmed  over  them  allj  yet  the 
effigy  monuds  are  peculiar  to  a  portion  of  Wisconsin,  and  are  bounded 
by  geographical  limits,  outside  of  which  they  are  seldom  found. 

Oommencing  with  Winnebago  County,  the  most  interesting  rem^n 
is  the  Turtle  Mound,  within  the  city  limits  of  Bockford,  already  re- 
ferred to.  It  is  noteworthy  on  account  of  its  great  size  and  flue  pro- 
portious,  but  more  so  because  it  is  the  only  one  of  the  kind  on  Lower 
Bock  Biver.  It  is  generally  known  as  the  "  Turtle  Mound,"  bat  the 
resemblance  to  a  headless  alligator  is  more  striking.  The  following  are 
its  dimensions:  Length,  150  feet;  width,  op|>osite  fore  legs,  60  feet; 
width,  opposite  bind  legs,  39  feet ;  length  of  tail,  102  feet.  The  figure 
lies  op  and  down  the  river,  on  a  line  almost  north  and  south,  the  tail 
extending  northward.  The  body  rises  into  a  monnd  as  high  as  a  stand- 
ing man.  The  feet  and  tail  gradually  extend  into  the  greensward. 
The  measurements  across  the  body  at  the  legs  include  those  appendages, 
which  are  only  a  few  feet  long.  The  efflgy,  whether  of  alligator,  lizard, 
or  turtle,  seems  to  be  headless,  and  no  depression  in  the  sarronnding 
soli  would  indicate  that  the  materials  of  which  it  is  constmoted  were 
obtained  in  its  immediate  vicinity.  Near  by  this  is  an  oblong-shaped 
mound,  and  several  round  moands.  The  oblong  monnd  is  rather  re- 
markable, 130  feet  long,  about  12  feet  wide  at  the  base,  and  1  feet 
high. 
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Tbaa  it  will  be  seen  tbat  three  types  of  tbe  moanda  are  fonocl  io  tbis 
coanty.  Tbe  oblong  ones  are  oot  nnmeroaa  Oircalar  moands,  from  10 
to  15  feet  in  diameter  and  iivm  2  to  S  feet  bigh,  abound.  An  interest- 
ing  gronp  of  large  onea  almost  sarroands  tbe  oblong  and  turtle  monnd 
above  referred  to.  Tbere  is  a  large  group  oi  tbe  circular  variety  on  the 
north  bank  of  Bock  Biver,  aboat  aix  miles  below  tbe  city.  Tbey  exist 
in  maoy  places  along  tbe  stream  in  acattered  groups.  Bat  the  locality 
where  they  are  met  with  in  the  greatest  numbers  is  on  tbe  banks  of  tbe 
Kishwaukee,  in  tbe  soatbeastern  part  of  tbe  county,  near  the  confluence 
of  tbe  two  streams  of  tbat  name.  Scores  of  them  are  eoattered  about 
here,  and  scores  more  have  been  well-nigh  obliterated  by  tbe  plowshares. 
Tbiswasafavoritespot  with  the  mouud-builders.  Many  relics, inclndiDg 
some  of  copper,  have  been  picked  up,  disturbed  in  tbeir  places  of  deposit 
by  continued  caltiration  and  plowing. 

Jo  Daviess  Coanty  contains  great  numbers  of  these  monuds.  Dr.  J. 
8.  Love,  of  Hanover,  writes  me  that  there  are  from  three  to  four  hun- 
dred around  that  place,  mostly  on  or  near  tbe  banks  of  Apple  Hiver. 
The  locality  is  one  of  wild  beauty,  and  such  as  would  attract  the  mouod- 
builders  and  become  a  swarming  center  of  population.  Among  these 
are  two  well-marked  chains  of  fortifications — a  rather  unusual  kind  of 
works  for  this  part  of  the  country. 

From  excavations  made  io  these  mounds  have  been  taken  many  beads; 
arrow-points  and  spears  made  from  red,  white,  and  black  chert  and  flint; 
one  targe  battle-ax,  8  inches  long,  &  inches  wide,  and  2  inches  thick  ; 
pestles  for  ponndiug  corn;  one  chisel  of  flint,  and  one  carved  stone 
pipe.  ISo  galena,  so  far  as  I  know,  baa  been  found  in  these  mounds, 
although  they  are  not  far  distant  from  tbe  famous  Elizabeth  diggings. 
Mounds  abound  near  this  latter  place,  but  I  have  no  special  information 
of  their  character  or  numbers. 

In  Carroll  County  tbere  are  some  interesting  works  of  the  mound- 
builders.  About  two  milen  northeast  of  the  city  of  Mount  Carroll,  in 
the  southern  margin  of  Arnold's  Grove,  three  mounds,  of  rather  large 
size,  and  somewhat  oblong  in  shaiie,  stand  side  by  side.  They  were 
opened  a  few  years  ago,  but  nothing  except  remaina  of  ashes  and  char- 
coal, with  a  few  fragments  of  bones  far  gone  in  decay,  were  found.  On 
section  31i,  in  tbe  town  of  Woodland,  about  six  miles  west  of  Mount 
Carroll,  are  several  groups  of  mounds.  Most  of  them  are  the  small, 
common,  round  mounds.  But  one  group  is  an  exception  to  this  rule. 
Some  of  these  seem  to  be  uoBnisbed  works,  some  are  circular  in  form, 
some  have  a  simple  depression  in  the  middle,  and  some  are  tbe  common 
round  mounds.  Ashes  and  burnt  bones  were  found  a  few  years  ago  by 
digging  into  a  few  of  them.  Tbe  jaw-bone  and  teeth  of  a  skeleton  were 
exhumed  at  tbe  same  time,  but  these  evidently  belonged  to  a  later  time. 
Tbere  is  an  old  tradition  coming  dowu  from  the  later  Indian  tribes  which 
once  dwelt  here  that  these  were  cremation  mounds.  Tbe  internal  evi- 
dences found  by  digging  them  open  would  seem  to  confirm  tbis  traditioo. 
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Abont  one  and  a  half  miles  west  of  Mount  Carroll,  in  a  valley  mmle 
by  Carroll  Oreek,  and  walled  in  by  faigli  rocLs,  is  a  spot  of  grooud  filled 
with  fragmentary  relics.  The  waters  of  the  creek  caosed  a  part  of  the 
bank  to  cave  in,  and  thus  the  deposit;  was  first  broaght  Co  light.  By 
excavating  back  from  the  edge  of  the  fallen  mass,  at  the  depth  of  from 
one  to  two  feet,  pieces  of  pottery  quite  artistic  in  design,  arrow-heads 
of  a  lighC-cofoFed  chert  and  hard  enough  to  cot  letters  on  glass,  prongs 
of  deer's  antlers  evidently  used  as  some  sort  of  implements,  bones  of 
animals  in  a  fair  state  of  preservation,  abundant  Hint  chips,  and  char- 
coal and  bnrnt  stones  in  great  qoantities,  were  found  inclosed  in  a  black 
alluvial  deposit.  This  was  evidently  a  favorite  camping  groond,  and 
the  refuse  of  the  kitchen  lies  buried  over  a  large  space  of  ground. 

In  the  numerous  mouuds  that  might  be  referred  to  but  one  more  gronp 
will  be  noticed.  Tbese  are  called  "The  Mounds"  pre-emiueotly.  There. 
are  nix  or  seven  of  them,  looking  like  large  blunt-topped  hay<Btacks  in 
the  distance.  They  are  located  in  the  western  verge  of  a  high  eaud 
prairie,  about  two  miles  northwest  of  the  village  of  Thomson,  and  can 
be  seen  for  miles  from  the  north,  east,  or  south.  On  the  west  the  alla- 
vial  flood  ptaiu  of  the  Uississippi  Kiver  is  about  a  mile  and  a  half  wide, 
and  is  covered  by  a  dense  growth  of  heavy  timber.  A  running  slough, 
a  part  of  tbe  river,  washes  this  steep  sand  ridge  on  the  west,  and  passes 
close  to  tbe  base  of  tbese  mounds.  Being  situated  midway  between  Sa- 
vanua  and  Fulton,  tbey  are  striking  objects  in  tbe  landscape.  A  rude 
stone  altar  wiis  found  in  one  of  them  a  few  years  ago,  but  nothing  satis- 
factory can  be  learned  abont  the  relics  said  to  have  been  inclosed  in  it. 

A  pipe,  shaped  like  an  eagle — one  of  tbe  real  mound-buildecs'  bird- 
shaped  pipes — was  taken  from  the  stone  iuclosure  at  the  time  tbe  exca- 
vation was  made.  Its  workmanship  was  perfect,  and  its  shape  artistic 
in  a  high  degree. 

On  section  7,  in  the  towu  of  York,  just  north  of  the  residence  of  Sir- 
John  Cole,  is  a  most  remarkable  deposit  of  Hint  cbippings.  They  were 
found  on  the  top  of  a  high  sand  ridge.  A  broad  expanse  of  swamp  land, 
formerly  covered  with  water,  and  an  old  bed  of  tbe  Mississippi  River, 
runs  ap  to  the  base  of  this  sand  ridge  on  the  east.  On  tbe  west  the 
sandy  plain  recedes  and  becomes  lower.  In  tbe  first  settlement  of  the 
country  this  sand  plain  and  ridge  were  covered  with  a  sward,  which 
held  the  sand  permsDently.  Now  tbe  pasturage  of  cattle  and  cultiva- 
tion have  destroyed  this,  and  many  acres  are  now  a  naked  yellow  sand, 
resting  on  a  harder,  sandy  snbsoil.  The  winds  keep  wearing  and  dig- 
ging off  this  sand,  and  piling  it  abont  in  other  places— sometimes  cover- 
ing neighboring  feuues ;  sometimes  digging  the  very  posts  out  of  tbe 
ground. 

All  over  this  sand  ridge,  for  a  space  a  mile  long  and  half  a  mile  wide, 
flint  cbippings  are  being  exposed.  In  some  places  tbey  occur  in  masses 
of  a  peck  or  half  a  bushel ;  in  other  places  they  whiten  the  ground  for 
yards  in  extent.     Tho  material  is  a  cream-colored  chert,  breaking  with 
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a  smootb,  concboidal  fmctare.  It  was  all  brought  there,  as  no  stone 
13  foQDd  In  titu  io  tbe  whole  ridge. 

Here  was  a  great  manafactory  of  arrow-heada,  aod  other  flint  imple- 
meots.  Pieces  of  arrow-headB,  and  fragments  of  the  flint  in  all  stages 
of  maDDfactare,  strew  tbe  groQnd.  Perfect  arrow-beads  are  sometimes 
fonnd  in  ctasters.  Twenty-sir  were  recently  picked  np  in  ono  nest, 
rough,  bnt  well-nigh  finished.  Two  oopper  implements,  and  one  of  sand- 
stoae,  evidently  naed  for  polishing  stone  axes,  were  also  picked  np. 

In  Whiteside  Connty,  jtist  above  the  city  of  Sterling,  on  a  high  table- 
laod  overlooking  Rock  River,  and  on  the  north  bank  of  the  same,  is  a 
large  gronp  of  these  mounds.  They  now  form  a  part  of  the  fine  ceme- 
tery gronnds  of  that  city.  Along  the  south  banks  of  the  river  below  Ster- 
ling are  a  nnraber  of  qnlte  large  mounds,  at  considerable  distances 
apart.  Most  of  these  Sterling  monnds  are  the  common  round  ones. 
Some  of  tbe  largest  are  oblong  in  form.  Many  have  been  partially  ex- 
cavated, and  some  trinkets  and  charcoal  and  ashes  observed  in  them, 

At  Portland  and  about  Prophetstown  similar  monuds  alxo  exist.  On 
Elkbom  Creek,  on  tbe  farms  of  Dr.  Pennington  and  Mr.  Dinsmore, 
some  small  round  ones  were  noticed. 

At  Cordova  and  Xew  Albany,  near  the  banks  of  tbe  Mississippi  Biver, 
some  large  mounds  may  be  seen.  At  the  latter  place,  Mr.  Tyler 
UuWhorter,  in  the  summer  of  1672,  had  a  taonel  carried  through  one 
ofthem.  This  one  was  60  feet  in  diameter  at  the  base  and  about  12 
feet  high.  In  it  was  fonnd  a  rude  stone  inclosnre.  Portions  of  skele- 
tons had  been  placed  here,  seemingly  in  detached  parts.  Tbe  strootnre 
seemed  to  belong  to  the  more  recent  works  of  the  mound- builders. 

But  it  is  nseless  to  enumerate  further  tbe  localities  where  these  mounds 
maybe  seen.  In  almost  every  picturesque  spot  they  were  bnilt ;  and 
doubtless  they  exist  in  hundreds  in  this  county,  as  they  do  in  those 
sorronnding  it.  A  village  of  mouods  also  exists  below  Sterling  on  tbe 
north  side  of  Rock  Rivor ,  of  large  size. 

Hercer  Coanty  coutaios  probably  something  over  one  thousand 
monnds,  mostly  located  over  the  western  tbird  of  theconnty.  Tbeeastem 
part  of  the  county  has  a  few  scattered  ones  of  the  same  general  oharaeter. 
Most  of  these  monnds  seem  to  be  of  very  ancient  date — they  are  mnch 
flattened  by  tbe  wear  of  time,  only  rising  a  few  feet  above  the  general 
level.  But  there  are  a  few  mounds  on  tbe  bottom-lands  under  the  blnfEs 
of  more  recent  date.  They  have  steep  declivities,  and  rise  8  or  10  feet 
in  h^ght.  These  have  yielded  well-preserved  skeletons ;  but  tbe  more 
ancient  have  disclosed  to  the  spade  of  the  excavator  no  well-preserved 
bones  or  implements — only  tieds  of  ashes  with  somecbarcoal  and  stones, 
and,  in  some,  of  the  older,  human  remains  in  a  state  of  decay. 

In  Iowa,  opposite  to  the  county  of  Mercer,  and  near  the  Mississippi 
Biver,  is  a  high  blnff  range,  on  tbe  top  of  which,  facing  the  town  of 
Xew  Boston,  is  the  old  half-forsaken  village  of  Black  Hawk.  Hei:p  are 
Hveu  or  eight  monnds,  on  tbe  brow  of  tbe  bill,  which  are  the  largest 
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foand  in  tbis  part  of  the  West.  They  rise  ttrelve  or  fifteen  feet  above 
the  geaeral  level,  aud  are  four  or  ftve  rods  across  the  base.  Oae  ot 
them,  ou  being  opened,  yielded  namerons  bones  in  piirtial  decay  j  also, 
[lottery,  fliut  implements,  and  tliut  cbippings. 

On  the  high  level  plain  immediately  back  of  the  mounds  was  formerly 
an  old  line  of  embankmeut,  that  contained  five  or  six  acres.  The  ground 
has  been  under  the  plow  for  many  years,  and  the  embankment  is  non- 
almost  gone.  But  pieces  of  pottery,  Qint  implements,  and  numeroQs 
chips  are  yet  picked  up,  and  at  one  time  the  manufacture  of  these  was 
evidently  carried  on  here  extensively.  The  pottery  seems  to  have  been 
made  of  a  mixture  of  river-mnd  and  decayed  clam-shells.  Id  short,  it 
was  made  of  lime  mortar,  and  is  different  from  that  fonud  in  other  lo- 
calities in  tbis  part  of  the  country.  Pieces  of  clay  pottery  are  also  fonnd 
about  the  Black  Hawk  mounds. 

What  are  called  the  New  Boston  shell-heaps  are  found  in  this  county. 
They  are  on  a  high,  sandy  tiverbank,  ooe-balf  mile  below  the  town  of 
that  Dame.  They  are  constantly  exposed  by  the  sliding  down  of  the 
bank,  and  wilt  in  time  disappear.  Each  one  seems  to  have  contained 
many  tons  of  shells,  mostly  iu  a  state  of  decay.  Enough  cau  be  seen  to 
determine  that  they  are  of  the  same  species  as  those  now  existing  in  the 
river.  The  following  species  are  supposed  to  have  been  identified :  JTnio 
tuberaulatm,  U.  metanever,  U.  plieatut,  U.  (uperamus,  U.  anadontoidef. 
These  heaps  were  formerly  some  rods  from  the  river.  In  proximity  to 
them  were  formerly  found  old  fire-beds  of  burnt  stone,  with  broken  pot- 
tery, mostly  of  burned  or  baked  clay,  but  occasionally  of  the  ponuded- 
sUell  mixture,  some  flint  implements,  Dumeroos  flint  chips,  &a.  These 
heaps  seem  to  be  the  kitchen  refuse  of  the  monnd-bnilders. 

I  have  referred  to  this  section  somewhat  in  detail,  because  it  is  the 
southwest  corner  of  the  tract  of  country  mcDtiooed  in  this  article,  aDd 
becaase  it  illustrates  very  well  the  character  of  the  works  and  remains 
in  the  counties  lying  north  of  it,  contiguons  to  the  Mississippi  Biver. 

It  would  be  useless  to  occupy  further  space  with  an  enumeratioD  of 
the  mounds  of  tbis  section.  Id  the  conDties  a^oining  those  named, 
they  exist  almost  as  thickly  as  in  the  latter;  bat  none  of  them  possess, 
so  far  as  now  known,  any  special  or  peculiar  interest. 

WBAPONa  AND  IMPLEMENTS. 

Copper  relics.— This  region  sboanda  in  interesting  relics  of  the  true 
mouDd-builders.  Drift  copper  is  fonnd  ofteD.  The  writer  has  a  bowl- 
der weighing  15  pounds,  picked  up  in  a  ravine  among  some  small  bowl* 
ders  Dear  Mt.  Carroll.  Implements  of  copper  are  rather  scarce,  two  hav- 
ing come  under  the  immediate  observation  of  the  writer,  fhe  first  was 
the  Sterling  copper  knife,  figured  in  Foster's  Prehistoric  Baces,  and  also 
in  the  Transactions  of  the  Chicago  Academy  of  Natural  Sciences.  The 
cut  in  the  former  has  no  resemblance  whatever  to  the  original ;  'while 
that  in  the  latter  is  too  long  for  the  width.    At  the  time  tbo  knife  was 
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foauO,  I  was  dUposed  to  associate  it  with  the  bone  of  a  mastoilon  found 
in  a  similar  position  higher  up  the  river ;  but  I  am  now  satisfied  it  is  a 
relic  from  the  mounds  which  abound  in  its  neighborhood.  It  was  found 
some  six  feet  below  the  surface  of  the  soil,  in  the  cut  made  by  a  little 
ravine  in  the  bank  of  Bock  Biver,  It  stuck  out  of  the  bank  when  first 
seen,  and  was  imbedded  in  a  material  composedof  black  diluvial  or  river- 
tlrin,  filled  with  pieces  of  chert  and  river  gravel.  The  kuife  is  of  pure 
copper,  made,  I  tbink,  by  hammering,  aud  resembles  in  form  one  of  oar 
long,  heavy  knives.  The  broad  end  has  a  hole  for  a  rivet,  and  has  the 
edges  turned  over  for  about  two  iucbes,  making  a  socket  for  the  handle. 
Ilie  blade  ia  exactly  lOJ  inches  loog,  an  inch  and  a  half  wide  at  the  wid- 
est part;  tapers  gradually  on  both  sides — a  little  more  on  the  cutting 
edge— to  a  blunt  point.  The  shape  is  modern;  but  the  attachment  of 
the  handle  is  of  the  age  of  the  Lake  Superior  copper-miniDgf  and  the 
veined  appearance  denotes  an  age  equal  to  the  older  relics  of  the  mound- 
builders. 

The  next  relic  ia  an  ax  or  hatchet,  found  half-way  between  Dixon 
and  Sterling,  on  the  north  bank  of  Bock  Biver,  on  the  farm  of  a  Mr. 
Lawrence.  The  locality  is  one  of  the  most  charmiug,  and  abounds  in 
relics,  sncb  as  arrow-points  and  stone  axes.  This  relic  is  also  of  cop- 
per, evidently  hammered  into  its  present  graceful  shape.  Several  sur- 
face cracks  made  by  the  folding  of  the  metal  are  to  be  seen.  It  is  CjJ 
inchea  long,  3^  inches  wide  at  the  cutting  edge,  1|  inches  wide  at  the 
hammer  end,  aud  about  one-fourth  of  an  inch  thick.  There  are  slight 
traces  of  wear  on  one  side,  as  if  made  by  the  friction  of  a  handle.  The 
batcbet  resembles  a  tomahawk,  and  is  a  fine  specimen  of  the  copper 
relics  of  tbis  region.  It  ia  in  the  possession  of  the  writer,  but  belongs  to 
the  collection  of  Dr.  Oliver  Everett,  of  Dixon.  Belies  of  stone  pipes  are 
not  very  abundant.    Occasionally  one  is  found  made  of  clay  or  stone. 

In  a  collection  of  two  hundred  arrow-points  belonging  to  the  writer, 
can  be  selected  all  the  typical  shapes  given  by  Sir  William  Wilde;  with 
■II  the  modifications  figured  by  Foster,  including  those  supposed  to  be 
reamers  or  borers  by  some  of  the  collectors.  A  group  of  arrow-point 
figures,  taken  from  Lubbock's  Prehistoric  Times;  Evans' Ancient  Im- 
plements, &C.,  of  Great  Britain ;  or  Sqnier  &  Davis's  Ancient  Mona- 
ment^  &c,  will  greatly  resemble  the  originals  in  almost  any  cabinet  in 
the  Northwest.  The  same  is  true  of  spearheads,  and  fliot-chippings. 
Flame-colored  chert,  dark  hornstone,  and  a  whitish  chert  or  flint,  were 
the  materials  commonly  used  in  their  manafactare.  The  writer  has 
picked  up  very  perfectly  shaped  flint  implements,  which  must  have  been 
used  for  knives  and  scrapers. 

Stone  hatchets,  axes,  and  skinningstones  are  qnite  plentiful.  The 
fiuest  in  the  writer^s  collectiOQ  was  plowed  np  among  the  Eisbwankee 
■Donnds.  It  is  of  spotted  polished  granite.  A  very  perfect  and  artistic 
tomahawk  of  stone,  of  small  sizo,  is  in  the  collection  of  Dr.  Everett,  at 
Dixon,    The  Hanover  mounds  have  furnished  a  ten-pound  ax  of  very  per- 
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feet  Bhape;  buttho  largest  ooe  in  tbiEi  section  i»  in  Dr.  Everett's  collection. 
It  weigbs  one  oanceoverlS  poands;  is  of  dark  color ;  the  shape  is  artU- 
tic;  the  external  boundary  lines  are  all  graceful  cnrvcs.  Onlj'  a  giiiDt 
could  have  wielded  it. 

Among  these  relics  of  stoue  the  writer  liaa  one  of  anosaal  shape  and 
appearance ;  it  is  somewhat  like  the  section  of  n  circle ;  thick  aloog  the 
straight  edge;  and  tapering  Irom  the  top  to  the  circniar  edge.  It  was 
found  in  a  mound,  near  the  north  line  of  the  State. 

Gorgets,  or  parallelogram-shaped  stones,  with  two  Uolesdrilled  through 
tbem,  are  often  picked  up.  The  finest  one  in  the  writer's  collection  is 
of  the  red-pipe-stone  material.  A  small  one  in  Dr.  Everett's  collection 
lias  but  one  bole  tbrongh  the  end. 

Weapons  of  the  size  and  shape  of  a  goose-egg,  with  narrow  creases 
round  the  middle,  dabs  and  bautmers  undoubtedly,  are  not  rare.  In 
I)r.  Everett's  collection  is  a  large  plummet-shaped  implement,  with  a 
sort  of  neck  on  the  smaller  end.  As  a  slung-shot  it  would  have  proved 
a  formidable  weapon. 

A  very  perfect-shaped  plummet,  made  from  what  seems  to  be  hema- 
tite iron  ore  is  in  the  writer's  cabinet.  It  lacks  the  usual  crease  aroond 
the  small  end.  One  discoidal  stone,  of  spotted  greenstone,  was  picked 
up  in  this  region,  the  only  one  found,  so  far  as  1  know. 

Adtnthoeandflintchi8elorgouge,l*romthecollectionof  Dr.J.  S.  Lowe, 
in  Hanover,  are  objects  of  great  interest. 

Pottery. — Somevery  perfect  specimens  of  pottery  have  been  found  and 
preserved.  The  writer  has  three  different  styles  in  bis  cabinet.  Some 
of  the  fragments  are  large  enoagh  to  show  the  graceful  curves  of  the 
vessels  before  they  were  broken.  The  specimens  taken  from  the  moaDda 
are  of  more  graceful  shape,  better  and  smoother  material,  and  saperior 
hardness,  to  the  later  and  ruder  work  of  the  Indians. 

Beads. — Several  strings  of  beads  have  been  taken  from  the  Hanover 
mounds.  These  are  circular  and  flat,  with  a  bole  In  the  center ;  ami 
some  of  them  are  artistic  in  shape.  Hanover  is  the  only  place  where 
they  have  been  found  iu  this  locality,  so  fur  as  tbo  writer  knows. 


AXTIQlflTIES  OF  3IAS0.V  COVNTT.  ILLINOIS. 

Br  J.  CocBBAXK,  of  Batana,  tlL 

There  are  five  interesting  mounds  in  this  vicinity,  varying  in  height 
from  20  to  40  feet.  The  two  highest  are  buitt  adjoining  each  other  on 
the  bank  of  the  Illinois  Biver,  two  others  are  tbree  miles  below  them, 
also  on  the  east  bank  of  the  Illinois  Biver,  and  about  ten  rods  apart ; 
the  fifth  one  is  on  the  blnffs  of  Illinois  Biver  bottoms,  west  side,  and 
about  six  miles  distant,  bnt  in  full  view  of  the  former  ones. 

One  is  of  gravelly  soil  (none  of  which  exists  in  proximity  to  it)  and 
the  others  of  team.    ;No  escuvations  are  perceptible  in  the  vicinity 
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from  which  the  lonm  conld  hare  been  talicn  in  such  qnaotity.  Many 
small  mounds  are  sitnated  near  by.  'So  escavatious  or  investigations 
have  ever  been  made. 


ANCIBNT  EAKTnWOBKB  OF  A8IILASD  COl'NTY,  OHIO. 

By  GEOncEt  \V.  IIiij,,  M.  D,,  of  J«hla«d,  OhU). 

Evidence  of  the  existence  of  a  race  somewhat  advanced  in  the  arts 
of  military  defense,  anterior  to  the  appearance  of  the  Cancasian,  is 
foaad  in  almost  every  part  of  this  connty.  Mounds  and  intrenchmcnts 
Id  all  the  great  valleys  and  commanding  points  are  very  nnmerons. 
Theprincipul  streams  along  which  the  earthworks  are  fonnd  are  the 
Maddy,  the  Jerome,  the  Blaek  and  Clear  Forks  of  the  Mohican. 

Tyler's  Fort. — Ou  section  2i,  now  in  Wayne  Connty,  a  short  distance 
Iwlow  the  junction,  upon  the  heights  northeast  of  Tylertown,  and  east  of 
tbe  stream,  is  an  ancient  intrcnchment.  It  overlooks  the  valley,  which 
beie  is  about  one  and  a  half  miles  wide,  and  affords  an  extended  view 
□p  and  down  the  Mohican.  The  work  is  situated  on  an  elevated  spur  of 
tbe  ridge,  oa  the  lands  of  Benjamin  Tyler;  is  circular  in  form,  and  con- 
tains  about  three  acres.  When  Mr.  Tyler  took  possession  in  1814,  he 
found  the  work  destitute  of  grown  timber.  The  ridge,  in  and  about  the 
iotrenchment,  bad  the  appearance  of  having  been  often  burned  over.  He 
foaad  the  embankment  about  4  feet  bigb  and  about  10  feet  in  diameter 
at  the  base,  and  completely  covered  with  hazel-bosh,  about  as  high  as 
bis  head.  He  states  that  be  stood  in  tbe  center  of  the  work,  and  could 
overlook  tbe  Mohican  Valley  for  many  miles.  Tho  work  is  now  covered 
by  a  growth  of  thrifty  young  wbite-oak.  Tanking  from  50  to  70  feet  In 
lieight,  and  10  to  15  inches  in  diameter.  Contrary  to  the  general  rule, 
there  was  no  spring  in  the  immediate  vicinity  of  this  earthwork. 

Bam$e^s  Fort — Ascending  tbe  Muddy  Fork,  about  15  miles,  we  find 
aaother  intrencbment  upon  the  lands  of  John  liamsey,  on  the  southwest 
qaarter  of  section  2S,  iu  Jackson  Township.  The  valley  of  tbe  stream 
the  entire  distance  is  very  fertile,  and  was  once  a  favorite  resort  of  the 
Delawarea.  This  work  is  situated  on  tbe  western  side  of  an  elevated 
ridge,  overlooking  tbe  valley.  The  eastern  line  of  tbe  intrencbment 
reaches  the  summit  facing  tlie  valley.  The  work  is  quadrangular,  and 
estimated  to  contaiu  a  fraction  over  two  acres.  When  first  discovered 
tbe  embankment  was  about  3  feet  in  height,  and  from  8  to  10  in  diameter 
at  the  base.  The  timber  within  the  fort  was  equal  in  size  to  that  of  the 
forest  around  it,  and  was  of  the  same  character.  The  area  of  tbe  fort  has 
been  cultivated  about  twenty-five  years,  and  tbe  embankment  is  nearly 
obliterated  by  the  plow.  While  plowing  within  the  fort,  a  highly-pol- 
ished stone  hammer  was  found,  five  inches  long,  two  inches  at  tbe  base, 
and  one  and  one-half  inches  at  the  point,  encircled  in  the  middle  by  a 
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groove.    The  ravines  in  the  vicinity  contained  water  snfflcient  to  supply 
the  wants  of  the  fort  If  beleagnered  by  an  enemy. 

Two  mounds  were  found  in  the  north  part  of  Perry  Township,  about 
one  mile  from  the  fort.  They  were  about  30  feet  apart,  and  occopied 
level  ground  near  a  brook.  The  larger  one  was  about  5  feet  high  and 
25  f«:et  in  diameter  at  the  base.  The  smaller  one  was  probably  12  feet 
la  diameter  at  the  base  aod  3J  feet  high.  William  Hamilton  destroyed 
the  larger  one  in  digging  a  cellar ;  and  about  1  feet  below  the  natoral 
surface  fonnd  a  triangular  wooden  post  and  three  human  skeletons,  one 
of  unusual  size,  imbedded  in  ^aud.  On  esposum  the  smaller  ones  dis- 
solved. 

Metcalfe  Fort. — By  returoiug  to  the  Jerome  Fork,  and  ascending  that 
stream  about  one  and  a  half  miles,  we  approach  a  fort  ou  the  lands  of 
the  late  William  Metcalf,  south  of  the  stream,  on  an  elevated  plateao, 
-  facing  the  valley  on  section  21.  It  was  circular  iu  form,  and  contained 
about  three  acres.  It  was  near  a  spring.  When  Urst  discovered  in  the 
forest,  iu  1812,  the  embankments  were  about  4  feet  iu  height,  and  the 
base  about  10  feet  in  diameter.  Large  trees  grew  in  and  upon  the  work. 
lb  commanded  an  extensive  view.  The  fort  at  Tyler's,  some  four  miles 
down  the  stream,  could  be  easily  seen  by  the  naked  eye.  By  the  means 
of  assault,  probably  used  by  the  race  that  then  inhabited  these  valtejs, 
it  would  have  been  difScult  to  capture  it. 

Winingler'g  Fort. — On  an  elevated  i>oint,  two  and  a  half  miles  north, 
and  across  the  Jerome  Fork,  was  another  fort,  on  the  lands  of  neory 
Winbigler,  on  the  northeast  quarter  of  section  9.  It  contained  abOQt 
four  acres  of  laud,  was  circular  iu  form,  and  was  much  more  easil; 
defended  than  Metcatfs,  because  the  grouud  around  it  was  steep  and 
more  difficult  of  ascent.  The  embankments  were  also  somewhat  higher 
than  the  former  work,  and  10  feet  thick  at  the  base.  When  first  dis- 
covered it  was  covered  with  large  timber — a  sort  of  ridge-oak  of  sIot 
growth,  and  mast  have  been  abandoned  for  a  long  series  of  years.  Ic 
bad  a  gate-way  looking  to  the  north  and  oue  to  the  south,  and  was 
near  an  excellent  spring.  From  this  fort  a  good  view  of  MetcalTs  was 
had.  By  the  nae  of  torches  or  other  signals,  the  Tyler  Fort  could  have 
been  alarmed  at  the  same  time.  Kearly  due  west  of  this  fort,  on  section 
13  iu  Vermillion  Township,  is  a  large  mound  which  was  used  as  abarisl 
site  by  the  Mohegans  and  Delawares,  but  was  doubtless  erected  as  a 
signal  point  by  the  same  race  that  constructed  the  forts.  West  of  it 
about  four  milcH,  on  section  14,  and  near  the  town  of  Ilayesville,  is 
another  large  moaud  at  the  head  of  a  valley  reaching  the  Mohican.  It 
was  also  most  likely  nscd  as  a  signal  point. 

Gamble's  Fort. — Coutiuuiug  up  the  Jerome  Fork,  which  rises  iu  the 
summit,  iu  the  north  center  of  the  county,  is  found  a  beautiful  valley, 
&um  three  to  six  miles  wide,  through  which  that  stream  meanders,  fed 
by  numerous  smaller  ones  on  either  side.  As  wo  approach  Ashland,  an 
elevated  point  of  laud  on  the  north  of  the  town,  on  section  8,  southwest 
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(jaarter,  is  seen  orerloobiDg  tbo  whole  BarronndiRg  coantry  for  a  distaoce 
of  ftom  four  to  seven  milea  This  work  is  above  the  town,  and  there  is 
a  gradual  descent  from  it  in  all  directions.  It  ia  a  strong  military  posi- 
tion. A  circalar  embaokmeDt,  2,t45  feet  in  length,  containing  an  area 
of  8J  acres,  enrrounded  the  brow  of  the  hill.  When  the  late  Henry 
Gamble  entered  opon  his  land  in  1815,  the  fort  was  covered  by  large 
trees,  snch  as  were  foand  in  the  forest  of  the  neighborhood.  Tlie  em- 
bankments  were  very  nearly  4  feet  high  in  the  center,  and  10  or  11  feet 
wide  at  tbe  base.  The  work  mnst  have  reqQired  a  considerable  body  of 
men  a  loug  time  to  constnict  it.  It  had  a  gate-way  at  the  sonthwest 
side,  facing  a  deep  ravine;  and  near  the  gate  a  very  excellent  spring.  In 
taking  tbe  dimensions  of  tbe  fort,  I  was  assisted  by  Col.  George  W.  Urie 
and  MaJ.  Kicbard  P.  Fulkerson,  who  examined  the  work  nearly  fifty  years 
ago,  when  mnch  of  the  large  timber  was  standing.  The  Atlantic  and 
Great  Western  Kailway  passes  down  the  ravioe  jost  south  of  tbe  fort, 
and  tbe  spring  now  supplies  tbe  water-tank.  The  embankments  have 
been  plowed  over  for  nearly  fifty  years,  and  exhibit  but  slight  traces  of 
their  onMines. 

Id  looking  down  the  valley  some  two  miles,  a  large  mound  can  be  seen, 
which  has  recently  been  opened  and  foand  to  contain  human  bones, 
charcoal,  and  wood,  clearly  evincing  tbe  presence  of  fire.  Themonndis 
bitnated  on  the  northeast  part  of  section  9,  and  is  composed  of  sand 
and  drift.  The  excavation  from  which  it  was  taken,  aboat  one  hundred 
yards  away,  can  be  plainly  seen.  On  section  3,  in  a  northeast  direc- 
tion from  the  above  monud,  about  a  quarter  of  a  mile  distant,  near  a  fine 
spring,  stood  another  small  mouud,  which  contained  hnman  bones,  a  few 
arrow-heads,  and  one  or  two  stoue  axes  and  fleshers.  These  were  turned 
np  by  the  plow.  The  site  of  the  mound  is  now  obliterated.  Other  small 
mounds  have  been  fonnd  in  Montgomery  Township,  the  contents  being 
similar  to  tbe  ones  described.  Four  miles  northeast  of  the  Gamble  Fort, 
on  section  28,  in  Orange  Township,  is  fonnd  tbe  Norris  Mound,  near  tbe 
village  of  Orange.  It  has  been  examined  and  found  to  contain  hnman 
bones,  large  quantities  of  red  and  yellow  ocher,  charcoal,  a  few  sheila, 
and  a  pure  copper  needle  seven  inches  long,  with  a  well-tempered  point. 
If  the  forest  were  removed  this  mound  could  be  plainly  seen  from  the 
fort.  It  was  evidently  a  burial  site.  The  presence  of  charcoal,  and  the 
oily  condition  of  the  hard-pan,  ocher,  and  sand,  would  snggest  that  vast 
quantities  of  animal  oil  had  been  used  in  its  sacrificial  ceremonies.  It 
may  have  been  a  signal  point  also.  Lctrge  trees  grew  around  and  upon 
this  mouud,  its  height  being  about  5  feet,  and  diameter  30. 

About  thirty-five  years  since,  while  some  persons  were  engaged  ia 
cutting  a  bluff  on  the  bank  of  the  creek  east  of  tbe  residence  of  tbe  late 
Patrick  Murray,  for  the  purpose  of  improving  the  railroad  allnded  to, 
a  unmbor  of  human  skeletons  were  unearthed.  Tbe  bones  were  in  a 
good  state  of  preservation. 
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Id  tbo  year  1S50,  in  digging  a  well,  Isaac  StuU,  ocnr  his  residence, 
tialf  a  mile  south  of  the  village  of  Orange,  about  5  feet  l>eIow  the 
surfuce,  came  open  an  cartbem  reseel  that  wonld  bold,  perbnpa,  aboat 
two  galloDS.  Before  discoTering  this  relic  he  unfortonately  etepiiol 
upon  and  broke  it.  It  was  foand  month  opward,  and  resembled  io 
many  respects  a  two-gallon  crock.  The  rim  around  the  top  was  artistic, 
and  intended  to  aid  in  liftiug  tbe  vessel.  It  was  formed  of  a  blniBh 
earth,  and  seemed  to  have  been  subjected  to  beat.  It  was  oroamented 
all  over  the  exterior  by  finely  pulverized  white  flint,  somewhat  resem- 
bling rice-grains,  which  adhered  flrmly  to  it.  A  short  time  afterward, 
in  plowing  in  a  field  northwest  of  bis  bouse,  IVIr.  8tnll  turned  up  a  frag- 
ment of  the  same  kind  of  vessel,  as  large  as  bis  hand. 

In  tbe  fall  of  1872,  Harvey  Roberta,  residing  a  short  distance  west  of 
the  Stall  farm,  on  an  elevation  just  north  of  the  creek,  while  engaged 
in  excavating  for  the  foundation  of  a  building,  came  upon  two  human 
skeletons,  abont  3  feet  beneath  the  surface,  in  a  sitting  posture,  Id  a 
good  state  of  preservation.  These  remains  were  nndoubtedly  those  of 
Wyandots  who  had  died  duiing  their  annual  residence  and  hnnting  ex- 
cursions along  tbe  Uohican,  over  sixty  years  ago.  Another  old  lodiaa 
eemetery  was  found  on  the  premises  of  Jacob  Young,  abont  half  a  mile 
aontheast  of  Mr.  Roberts's,  and  many  of  the  graves  being  very  shallow, 
were  exposed  in  his  garden  aud  on  tbe  bank  of  the  creek.  Most  of  tbe 
skeletons  on  tbe  lands  of  Mr.  Yoaug,  we  believe,  were  buried  in  a  hori- 
zontal position.  We  do  not  see  tbo  precise  reason  for  this  difference. 
It  may  be  that  tbe  parties  found  by  Mr.  Boberts  may  have  been  chiefs 
or  members  of  another  tribe. 

SproU'a  Sill. — On  the  northeast  quarter  of  section  35,  iu  Clear  Creek 
Township,  and  aboat  two  and  a  half  miles  northwest  of  Gamble's  Fort, 
is  Sprotl's  Hill.  This  bill  is  about  00  feet  high,  and  contains,  at  its  base, 
an  area  of  about  five  acres.  It  is  composed  of  alluvium,  mixed  with 
gravel  and  rounded  bowlders.  Tbe  top  is  abont  60  by  90  feet,  and 
nearly  flat.  Upon  this  two  mounds  wem  erected,  each  atwut  25  feet  iu 
diameter  and  4  or  5  feet  high.  When  Thomas  Sprott  settled  there, 
some  fifty  years  since,  largo  trees  grew  upon  aud  aboat  these  roouuds. 
They  wore  about  30  feet  apart.  From  them  a  view  of  the  Gamble  Fort 
and  tbe  moaud  at  Orange  can  bo  had. 

In  examining  tbe  sonth  mound  thirty  years  .igo,  Thomas  Sprott  anil 
his  brother  came  upon  a  sort  of  stooe  cofhn,  constructed  of  flat  stones 
set  on  the  cdgos,  which  contained  the  skeletons  of  six  or  eight  Indians, 
ueatly  cleaned  and  packed,  in  a  good  state  of  preservation.  On  the  flat 
stones,  conaLitutiug  tbe  lid  of  tbe  cofSn,  more  than  a  peck  of  red  ver- 
milion was  found.    These  relics  were  replaced  by  Mr.  Sprott. 

About  one  and  a  half  miles  northwest  of  the  Sprott  Mound,  on  section 
26,  is 
Srytt^s  Fort. — This  work  is  quadrangular  iu  shape.    Its  longest  sides 
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face  tbc  cast  and  west,  and  are  very  nearly  ^>00  feet  each  in  leoglb,  wbile 
the  north  and  soath  ends  are  each  about  250  feet  loDg,  making  the 
whole  length  of  the  embankmeDt  abont  1,500  feet  Near  the  southwest 
coraer  was  a  gate- way  leading  to  a  very  fine  spring,  foor  or  Qve  rods  dis- 
tant. A  deep  ravine  encircles  the  west  side  and  soath  end  of  the  work, 
while  there  is  a  gradual  descent  from  the  north  end  and  eastern  side, 
showing  that  it  was  erected  for  defensive  purposes.  The  view  from  the 
fort  in  all  direetions  is  very  fine,  and  takes  in  an  area  of  four  or  five  miles. 
The  Orange  Mound  and  those  of  Sprott's  Hill  were  plainly  discernible. 
When  Mr.  John  Bryte  commenced  to  clear  hia  farm,  flfty-four  years  ago, 
he  foQnd  large  oak  trees  and  other  timber  growing  on  the  embankment, 
and  often  walked  upon  it  in  hnnting  squirrels.  When  he  first  saw  it 
the  walls  were  between  3  and  4  feet  high,  and  perhaps  10  or  U  wide  at 
the  base.  Be  lias  been  cultivating  the  fort  for  nearly  fifty  years,  and 
the  embankment  is  nearly  oblileratBtl.  For  defensive  purposes,  the  site 
was  a  good  one.  The  water  of  the  adjoining  spring  woald  snpply  a 
large  army.  It  is  situated  on  the  summit  where  the  brooks  divide  to 
flow  north  to  LalicErie  and  south  to  the  White  Woman,  tbeMuslkingum, 
and  the  Ohio. 

Many  stone  axes,  ticsbers,  arrow -bends,  i^Iished  and  pciforated  stones, 
and  pipes  have  been  found  in  the  vicinity  of  the  foregoing  work. 

Skambaugli'a  J"()rt.— Returning  to  the  south  end  of  the  county,  we 
ascend  the  Black  Fork  of  the  Uohican.  jU  the  farm  of  Lewis  Oliver, 
and  one  or  two  points  below,  were  found  mounds  of  Q  or  G  feet  in  height 
and  abont  30  feet  in  diameter  at  the  base.  A  little  southwest  of  Perrya- 
ville,  on  the  road  leading  to  Newville,  on  tbe  summit  above  the  village, 
was  a  mound  overlooking  the  valley  tbe  size  of  the  ones  described. 

Passing  up  the  stream  to  near  the  old  Indian  village  of  Greentowo, 
to  the  lands  of  Mr.  John  Shambaugh,  on  the  north  side  of  the  stream, 
on  section  18,  we  find  another  circular  fort,  containing  very  nearly  two 
acres,  with  a  gate-way  lookiug  to  tbe  west.  In  tbe  center  was  a  mound, 
abont  4  feet  high,  which  had  probably  been  an  altar  or  lookout.  When 
first  discovered,  tbe  embankment  was  about  3^  feet  high  and  10  wide 
at  the  base.  It  is  difQcult  to  conjecture  for  what  purpose  tbe  woik  was 
constructed,  as  it  was  situated  ou  tbe  bottom,  fully  a  quarter  of  a  mile 
from  the  elevated  lands  on  either  side  of  tbe  stream.  A  small  brook 
flowed  by  it,  from  which,  no  doubt,  water  was  obtained.  Timber — such 
as  oak,  hickory,  and  elm — grew  upon  and  within  the  work,  the  larger 
trees  being  over  3  feet  in  diameter.  The  lands  along  the  streams  are 
very  fertile,  and  the  site  of  tbe  fortification  having  been  plowed  over 
for  half  a  centnry,  the  embankments  arc  merely  traceable. 

The  Parr  Fort — About  One  mile  distant  from  the  work  alluded  to,  on 
section  19,  is  found  what  is  known  as  the  Parr  Fort.  It  is  also  a  circular 
work,  tbe  embankment,  when  first  discovered  by  tbe  pioneers,  being 
about  T  feet  high,  and  12  or  14  in  diameter  at  the  base.    It  inclosed  an 
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area  of  about  three  acres,  and  bad  a  gate-way  at  tbe  weat.  Very  Dear 
it,  on  tbe  east  side,  stood  a  large  tnoand,  from  which  copper  beads  and 
stone  implements  have  been  taken. 

I  am  informed  by  Dr.  J.  F.  Henderson,  of  Kewville,  that  this  monnd 
was  opened  about  fifty  years  ago.  In  it  were  found  hnman  bones,  char- 
coal, decayed  wood,  a  stone  pipe,  tbe  stem  of  which  was  wrapped  with 
copper  wire,  and  a  copper  wedge.  Tbe  moand  was  of  a  pecaliar  strnc- 
ture.  It  was  bailt  of  large  flat  stones  Jn  a  circnlar  form,  like  a  shot- 
tower,  and  filled  np  and  around  with  earth,  and  was  a  cone  in  appear- 
ance. Many  stone  axes,  stone  flesbcrs,  and  polished  stone  plates  have 
been  fouud  in  the  vicinity  of  these  works. 

Darling's  Fort. — About  two  and  a  half  miles  south  of  Parr's  fort,  uear 
Saint  John's  church,  on  the  north  bankof  tbe  Clear  Fork  of  the  Mohican, 
may  bo  seen  another  defensive  work.  It  is  circular,  and  contains  an 
area  of  nearly  3  acres.  It  had  embankments  from  the  gate  on  the  south 
side  (as  I  am  informed),  leading  down  to  the  hank  of  the  stream.  When 
first  diiicovercd  it  was  covered  with  large  timber,  and  tbe  embankment 
was  over  3  feet  high.  It  commands  a  full  view  of  tbe  valley  for  many 
mites,  and  was  doubtless  used  as  a  dcfeusivo  work.  Many  very  choice 
stone  relics  have  been  plowed  up  along  tbe  valley  by  farmers,  and  are 
now  in  the  cabiuet  of  Dr.  James  P.  Beoderson,  of  Kewvtlle. 

"We  And  no  other  remains  nntil  wo  reach  the  village  of  MifBin.  On 
level  land  a  little  northwests  of  this  village  is  a  large  mound.  The  top 
is  slightly  flattened,  and  was,  no  doubt,  used  as  a  barial  spot  by  the 
Dela wares.  It  has  not  been  excavated  and  its  contents  are  only  a  mat- 
ter of  conjecture.  Many  stone  axes,  some  bea<1s,  flint  arrow-beads,  and 
pick-shaped  implements  of  stone,  highly  finished,  have  been  plowed  up 
by  the  farmers  all  along  the  valley  of  the  Black  Fork. 

There  are,  perhaps,  twenty  or  thirty  smaller  mounds  scattered  over 
tbe  country,  to  which  my  attention  has  not  been  given.  Tbe  monads 
of  this  county  are  invariably  truncated,  and  none  exceed  10  feet  iu 
height.  I  am  inclined  to  the  opinion  that  many  of  the  smaller  ones 
were  the  center  of  an  encampment,  and  were  erected  for  sacrificial  pur- 
poses. Such  a  mound  existed  in  the  center  of  tbe  council-house  of 
Greentown.  Tbe  venison  and  bear-meat  for  their  great  feasts  was 
boiled  iu  large  copper  kettles  upon  the  mound.  This  may  account  for 
the  charcoal,  ashes,  and  charred  bones  so  frequently  found  in  small  flat 
mounds.  I  have  reason  to  believe,  also,  the  tent  or  wigwam  of  the  rai- 
ingchief  was  sometimes  placed  on  a  central  mound  of  similar  structure. 

Stone  implements. — Several  classes  of  implements  are  found  in  great 
uambera  within  this  county.  They  seem  to  have  been  scattered  broad- 
cast over  the  bills  and  valleys.  One  class  consists  of  highly-polished 
stone  pestles,  stone  axes,  weighing  from  six  or  eight  ounces  to  five  or  six 
pounds,  stone  fieshcrs,  stone  implements,  pick-shaped,  with  a  neatly- 
drilled  hole  in  tbe  middle,  stone  beads,  nnd  fiat  variegated  stones  itova 
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ooe  to  two  inobes  wide,  six  or  seven  long,  and  balf  an  inch  thick,  with 
rounded  ends,  highly  polished,  and  generally  with  a  Deatly-drilled  hole 
in  the  center,  have  been  found  in  and  aboat  these  ancient  works. 

Anotber  class,  of  more  recent  date,  consists  of  thonsands  of  flint  arrow- 
heads, from  a  half  inch  to  seven  inches  in  length.  These  were  nnques- 
tionably  made  by  the  modern  tribes  that  overspread  Northern  Ohio,  and 
most  of  the  material  was  procured  from  the  ridges  in  Licking  County. 
One  such  nest  was  plowed  up  in  Sullivan  Township,  three  years  since, 
by  Mr.  W.  9.  Eiggs,  containing  201  pear-sbaped  arrow-beads,  neatly 
finished  and  of  an  nuusnal  style,  having  no  notch  for  fastening  them  to 
the  shaft,  and  bad  the  appearance  of  being  iuteuded  for  cutting. 


FLINT  JHFLEMENTB  I.V  HOLMES  COfNTT,  OHIO. 

By  II.  B.  Case,  of  ZosdoutiUe,  Ohio. 

An  interesting  "find"  of  flint  implements  of  tbe  leaf  shaped  pattern 
was  discovered  in  the  summer  of  18T0  on  the  farm  of  Daniel  Kicli, 
aboat  half  a  mile  north  of  tbe  Lake  Pork  of  Mohican  Hiver,  in  Washing- 
ton Township,  Holmes  County,  Ohio.  They  were  foand  in  a  pond  or 
basin-like  depression  formed  in  the  glacial  drift  or  river  gravel  which  is 
found  in  this  vicinity.  The  pond  has  no  outlet,  as  tbe  rim  of  the  basin 
is  20  feet  high.  In  order  to  collect  tbe  water,  which,  daring  most  sea- 
sons, covers  the  bottom  of  the  pood,  a  ditch  i  feet  deep  was  dug 
through  it.  Kear  the  bottom  of  tbe  ditch  were  found  tbe  remains  of  an 
old  oak  log  lying  across  the  cutting,  and  beside  the  log  were  found 
ninety-six  flint  implements,  all  leaf-sbaped,  and  of  sizes  from  2\  to  5^ 
inches  in  length.  They  were  colored  by  rod  oxide  of  iron,  which  ad- 
hered very  tenaciously  to  the  flint,  showing  that  a  quantity  of  this  ma- 
terial had  been  deposited  with  them.  This  pond,  in  seasons  of  great 
droaght,  becomes  dry,  but  has  not  been  so  for  several  years.  Were 
these  implements  buried  in  the  pond  by  the  owner,  or  were  they  placed 
beside  tbe  log  and  covered  by  the  slow  accumulations  of  the  alluvial 
deposits  of  centuries  1  The  pond  never  having  had  an  outlet  since  the 
deposition  of  the  glacial  drift,  and  the  flints  being  found  within  a  foot 
of  the  bottom  of  the  four  feet  of  alluvial  deposit,  would  indicate,  if  de- 
posited upon  the  surface,  au  antiquity  of  three-fourths  of  the  post-gla- 
cial period,  assuming  that  the  alluvium  was  laid  down  nniformly,  and 
that  tbe  flints  were  placed  beside  tbe  log  and  had  not  been  buried,  and 
had  not  sunk  to  their  place  from  higher  up  in  the  mud.  These  imple- 
ments are  now  in  the  collection  of  the  writer,  who  has  furnished  speci- 
mens of  the  same  to  the  National  Museum  at  Wasbiogtcn.* 

*  The  implementB  were,  in  all  ptobabilitj,  iatuatJODally  buried,  rormiog  a  Ucposit 
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HOUND  IN  TRDMBriL  CODSTT,  OHIO. 

By  F.  Mnxwi,  of  WkI  TarwAx^m,  (ftio. 

The  mouuO  referred  to  is  aituated  aboat  a  mile  noitli  from  tbo  village 
of  West  FarmiDgtoD,  Ohio,  oo  the  laod  of  Mr.  Beldeo.  Its  elevation 
above  Swine  Creek,  flowing  Dear  by,  is  aUoot  70  feet,  aad  its  height  is 
sup^iosed  to  have  been  some  30  feet  above  the  level  of  the  land.  It  has 
bceu  niDch  reduced  Id  circnmference  by  the  plow.  Two  years  ago  a 
gentleman  dug  three  holes  ia  the  mound,  in  oae  of  which  he  foaod  a 
square  piece  of  lead ;  in  another,  some  red  paiut,  and  a  round  stone  in 
the  form  of  a  human  bead,  and  some  bones.  In  the  third,  and  central 
excavation,  be  found  two  skulls;  bat  they  were  so  mncb  decayed  as  to 
crumble  on  exposure.  The  jaws  and  teeth  of  one  of  the  specimens 
remained  perfect.  The  bodies  originally  were  laid  in  circular  tiers, 
with  their  heads  in  the  center  and  the  feet  ontward.  Above  and  below 
each  tbeie  was  placed  a  flat  stone,  which  must  hare  been  brought  at 
least  six  or  seven  miles  from  here,  as  none  of  that  kind  are  fband  in  this 
vicinity.  How  many  tiers  of  bodies  there  were  I  conld  not  learn,  as 
there  was  no  note  made  of  it.  In  the  npper  part  of  tbe  mound  a  skele- 
ton of  large  size  was  discovered.  Flint  tools  were  also  discovered  with 
the  bodies. 

The  father  of  the  present  owner  settled  here  aboat  sixty  years  ago 
and  on  his  arrival  found  beech-trees  over  2  feet  in  diameter  snrronnd- 
ing  the  mound,  several  of  which  were  hollow. 


ANTIQUITIES  OF  HANCOCK  COUNT!,  KEN7DCKI. 

By  JoSKTii  Friel,  of  Clorerpori,  En- 

About  a  mile  north  of  Beunettsville,  Hanoock  Conuty,  Kentucky,  is 
a  range  of  bills,  at  the  foot  of  which  rnns  Allen  Cave  Creek.  These  hills 
are  capi^ed  by  high  sandstone  ledges,  which  have  been  so  eroded  in  post 
ages  as  to  leave  overhanging  shelters  at  several  points;  some  of  these 
are  of  considerable  size ;  one,  particularly,  seems  Co  have  been  occupied 
by  man  for  a  long  period,  but  now  serves  only  as  »  shelter  for  hogs. 
The  cavern  is  open  toward  the  sonth,  the  overhanging  roof  protecting 
the  space  below  from  any  exposure  to  the  elements  from  above,  while 
au  immense  rock  which  has  fallen  down  forms  a  partial  wall  directly  in 
front,  between  which  and  the  rear  wall  of  tbe  cavern  tbe  deposit  cootain- 
iug  prehistoric  remains  is  found.  Thisdeposit  consists  of  rich  black  loam, 
wood  ashes,  and  decomposed  vegetable  matter.  Tbe  deposit  is  27  by  12 
feet,  and  from  12  to  32  inches  deep.  I  found  large  quantities  of  flint  chips 
and  fragments  of  arrow-heads  scattered  all  over  tbe  surface  of  tbe  deposit. 
On  digging  down  I  found  bones,  fliut-chips,  wood  ashes,  charcoal,  burnt 
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8aud-rocks,  fragments  of  rade  pottery,  pieces  of  decomposed  wood,  and 
frequently  pieces  of  nniscle  shells.  I  fonnd  sig^ns  of  fire  mostly  in  the 
center  of  the  cave,  while  fragments  of  pottery  and  bones  were  more  fre- 
qaently  met  near  the  oater  edge.  A  small  ptece  of  a  cocoanat  shell  was 
discovei'ed  near  the  bottom  of  the  deposit,  l^is  proves  that  the  care- 
dwellers  of  Kentncky  carried  on  trade  to  some  eit«nt  with  their  soQthern 
neighbors.  About  three  hnndred  yards  farther  down  the  valley,  and  on 
tbe  opposite  side,  at  a  corresponding  elevation,  is  an  underground  cavern 
which  runs  under  the  hill  to  a  considerable  distance.  In  this  cave  I  hoped 
to  And  tbe  skeletons  of  the  ancient  cave-dwellers,  bat  I  was  mistaken. 
After  a  diligent  examinatioQ  of  every  part  I' discovered  nothing  but  the 
skull  of  an  animal.  In  one  corner  near  the  month  of  the  cave  I  fonnd 
a  Dumber  of  bnrot  sand-rocks,  but  conid  discover  no  other  signs  of  fli-e 
or  humau  habitation.  I  find  a  great  many  arrow-heads  and  flint  chips 
scattered  all  over  this  country,  and  also  numbers  of  rough  sandstones 
with  cavities  in  one  side. 

Recently  I  visited  the  monnds  of  Indian  Hill,  located  on  tbe  farm  of 
Mr.  James  Sanders,  about  three  and  a  half  miles  north  of  Pellsville, 
Hancock  Oonoty,  Kentncky.  Indian  Hill  is  about  IDO  feet  in  height, 
and  on  the  summit  of  it  are  three  monnds  built  entirely  of  sandstone, 
which  must  have  been  conveyed  a  distance  of  at  least  250  yards  up  the 
steep  side  of  tbe  bill.  The  mounds  are  25  feet  in  diameter  at  the  base, 
3Dd  were  origiaally  12  feet  in  height,  15  feet  apart,  and  in  a  straight  line 
with  the  ridge,  of  tbe  hill,  which  runs  in  a  direction  northeast  by  east. 
The  average  weight  of  the  stones  used  in  constructing  these  mounds  is 
about  65  pounds,  but  many  of  them  will  weigh  100  pounds.  The  monnds 
were  perfectly  solid,  having  no  cavity  in  the  interior  whatever,  neither 
were  used  as  sepulchres,  for  the  parties  who  opened  them  some  years 
ago  state  that  tbey  fonnd  no  traces  of  human  remains.  Close  to  the 
base  of  one  of  the  mounds  is  a  white-oak  tree  which  is  about  18  or  20 
inches  in  diameter,  and  probably  one  hundred  and  fifteen  years  of  age. 
This  tree  bears  do  mark  or  hacks,  which  it  doubtless  would  have  re- 
ceived and  yet  exhibit,  if  tbe  Indians  who  occupied  this  country  one 
hundred  years  ago  were  in  auywayconnectedwith  these  mounds.  About 
20  feet  northeast  of  the  most  northerly  mound  many  flint  chips  may  be 
round,  which  indicates  tbe  place  where  tbe  mound-bnilders  were  in  the 
babit  of  mannfiicturing  their  arrow-beads,  spear-beads,  &c  Many  stone 
implements  occur  in  the  vicinity  ol  these  monnds. 


ANTIIlRITIEa  OF  TKNVESSEE. 
By  W.  M.  Clark,  o/  Fi'anklin,  Tenn. 

The  mounds  and  cemeteries  of  Tennessee  are  situated  throughout  the 
whole  of  the  State,  bnt  especially  in  the  middle  portion.  Tbe  Indians 
seem  to  bave  prefierred  a  water-course  for  their  habitations,  and  it  is 
generally  Uie  case,  that,  wherever  these  remainsesist,  there  are  ihc  very 
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best  of  our  farmiDg  laads.  There  are  various  kinda  of  these  remains, 
such  as  mouuds,  cemeteries,  and  fortified  camps.  There  is  a  singnlar 
cbaia  of  works  estending  from  the  Tennessee  Kiver  at  Florence,  Ala., 
diagonallyacross  the  State  of  Teuuessee  and  resting  on  the  Upper  Cum- 
berland Biver  near  Afouticello,  Ky.  Whether  or  not  this  chain  denoted 
a  line  of  travel  for  the  aborigines,  or  was  accidentally  the  most  thickly 
populated  section  of  country,  I  know  not.  This  region,  at  any  rate,  is 
for-famed  for  its  fertile  soil,  and  is,  at  this  time,  the  most  thickly  popu- 
lated section  of  Tennessee.  In  the  county  of  Williamson  alone,  where 
my  investigations  principally  were  made,  are  four  fortified  camps,  and 
the  bnilders  of  these  defenses  evinced  a  shrewdness  in  the  selection  of 
location  and  the  manner  of  improving  the  natural  advantages  that  we 
seldom  find  among  tbe  ignorant  savages  of  the  present  day. 

Id  May,  lS7d,  with  a  force  of  hands,  I  commenced  digging  in  a  large 
monnd  situated  two  miles  from  Franklin,  in  this  couuty.  This  mound 
is  located  npon  a  high  hill  on  the  farm  of  Dr.  William  Beid.  Tbe  bill  is 
isolated,  and  commands  a  view  of  tbe  country  for  many  miles  in  every 
direction.  It  is  400  feet  iu  circumference,  and  is  surrounded  by  a  level 
terrace,  smooth,  and  free  from  stones.  The  height  above  the  terrace, 
after  ages  of  settling  and  attrition,  is  20  feet.  It  is  covered  by  a  growth 
of  trees  similar  to  those  of  the  surrounding  forest,  which  has  never  been 
cleared.  The  hill  is  very  rocky,  aud  the  wonder  to  me  was  where  so 
much  soil  had  been  procured.  But  my  wonder  ceased  after  a  few  hoora' 
digging,  for,  when  I  had  penetrated  the  deposit  of  made-soil  on  the  sur- 
face about  18  inches,  I  came  to  tbe  material  of  its  construction, 
which  consisted  almost  wholly  of  limestone  bowlders,  gathered  from  the 
face  of  the  hill.  These  stones  varied  from  small,  broken  pieces  to  masses 
which  would  tax  the  strength  of  a  large  man  to  carry.  Abont  i  feet  from 
the  top,  we  came  to  a  layer  ofgraves  extending  across  the  entire  mound. 
The  graves  were  constructed  in  the  same  manner  as  those  found  in  the 
cemeteries,  hereafter  to  be  described ;  that  is,  of  two  wide  parallel  slabs, 
about  2  J  feet  long  for  sides,  and  with  the  bottom,  head,  and  foot  stone  of 
the  same  material,  making,  whea  put  together,  a  box  or  sarcophagus. 
Eachof  these  cotQDshad  bones  init,someof  women  and  children  together, 
and  others  of  men.  Numerous  booes  of  rodents,  and  a  few  of  deer,  were 
mixed  with  the  human  bones,  aud  were  iu  a  much  better  state  of  pre- 
servation thaa  the  latter.  Iu  fact,  the  human  bones  were  very  much  de- 
cayed, and  I  was  able  to  obtain  oolyafew  fragments.  The  skeletons  were 
laid  in  the  graves  with  the  heads  to  the  east,  and  the  arm  and  leg  bones 
were  alongside  of  tbe  body.  It  is  probable  tfaat  the  later  tribe  of  la- 
dians  used  this  place  as  a  sepnlcber,  from  the  fact  that  these  graves 
were  so  near  the  top  of  the  mound,  having,  in  the  other  mounds,  foautl 
the  skeletons  at  or  near  the  center,  and  at  the  bottom.  The  only  relics 
I  discovered  among  these  graves  were  a  string  of  beads,  which  were  ly- 
ing with  the  cervical  vertebra  of  the  skeleton  of  a  woman.  These  bea^ 
are  matle  of  chalk,*  and  have  a  polish  when  not  eroded  by  lying  in  coq- 
*  Probabl;  of  sbell,  wbiah,  irben  deoomposed,  baa  tbe  kppearanoe  of  chalk. 
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tact  with  tbe  soil.  They  are  large  in  the  center,  gradually  tapering 
each  way  to  the  end.  There  were  also  some  broken  fragments  of  pot- 
tery, bat  no  entire  vessels.  We  penetrated  the  center  of  this  mound 
nntil  westmck  tbe  top  of  the  hill,  and  it  appeared  that  the  builders  had 
made  no  change  in  its  apex,  but  simply  piled  up  rocks,  with,  possibly, 
some  soil,  at  its  summit,  tbe  top  being  slightly  truncated. 

Aboat  two  miles  to  the  west  is  a  group  of  mounds,  and  a  cemetery, 
and  every  evidence  of  a  large  encampment.  Earth-works  were  also  once 
there,  but  they  bare  been  destroyed  by  cultivation,  being  located  in  a 
very  fertile  valley  on  West  Harpetb,  and  all  fully  in  view  of  this  mound. 
I  am  under  the  impression  that  this  was  an  advanced  oatpost  for  the 
village,  and,  as  such,  was  used  as  a  signal  station  to  warn  the  inhabit- 
aDta  of  approaching  danger.  There  was  no  altar  at  its  bottom,  nor 
any  evidence  of  fire,  except  jast  above  the  graves,  where  a  few  ashes  were 
foaod,  caused  probably  by  tbe  signal-fires  here  lighted.  Whether  the 
terrace  was  made  by  the  subtraction  of  the  soil  in  the  formation  of  the 
mound,  or  by  soil  carried  there,  did  not  appear. 

^North  of  this  hill  and  near  its  base,  on  a  slight  elevation,  were  three 
small  mounds,  not  inoie  than  20  fe^t  in  diameter  and  about  C  feet  high, 
though  their  height  had  been  reduced  by  cultivation.  I  examined  two  of 
tbem,  and  found  no  remains  of  skeletons  or  relics,  but  beneath  tbe  level 
of  the  surrounding  land  was  a  simple  pile  of  stono  mixed  with  ashes. 
These  were  evidently  altars,  and  though  rudely  put  up,  showed  the 
handiwork  of  man.  We  went  altogether  below  the  stones,  but  found 
nothing.  I  then  removed  my  party  to  tbe  farm  of  Samnel  F.  Glass,  to 
the  encampments  above  alluded  to,  about  two  miles  to  the  west.  There 
is  a  fine  group  of  moands,  and  four  of  them  are  in  a  line  from  north  to 
south ;  a  large  one  in  tbe  center,  flanked  on  the  south  by  two  small  ones, 
and  on  the  north  by  another,  evidently  intended  to  be  a  large  one,  but 
from  some  interruption  never  finished.  This  last  was  not  more  than 
3  feet  high,  though  75  feet  in  diameter.  It  bad  been  caltivated  a  great 
namber  of  years,  but  showed  distinctly  its  proportions.  Beingin  cnltiva- 
tion  at  the  time  of  my  visit,  I  did  not  examine  it.  The  two  smaller  ones 
were  about  6  feet  high  and  20  feet  in  diameter,  while  the  largest  was  20 
feet  high  and  400  feet  in  circumference.  They  did  not  stand  in  a  per- 
fect line,  bat  formed  the  segment  of  a  very  large  circle,  the  largest  mound 
forming  the  lowest  part  of  the  curve.  I  made  a  section  across  the  large 
one,  carefolly  noting  tbe  work  which  progressed  from  either  side.  I 
dug  east  and  west  two  trenches,  meeting  in  the  center.  This  proved  very 
conclusively  to  have  been  a  sacrificial  mound,  and  though  the  relics  found 
were  indeed  few,  yet  they  were  of  tbe  greatest  interest.  There  were 
DO  stones  in  the  mound,  it  being  constructed  entirely  of  soil,  not  even 
any  day  being  visible.  It  bad,  5  feet  from  the  summit,  a  layer  of  ashes 
and  baked  earth.  This  layer  was  conical,  as  if  spread  over  tbe  top  and 
afterward  covered  up.  The  evidence  of  flre  extended  about  8  feet  over 
the  surface,  so  that,  in  the  section  presented  to  view,  the  ashes  formed 
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a  carve  aboat  8  feet  across.  Charred  wood  wa3  iatermized  with  the 
ashes,  showing  that  the  earth  had  been  piled  on  it  while  yet  barniog. 
Xo  fragments  of  bone  were  found,  as  they  would  snroly  have  beeo 
if  there  had  been  aoy  borning  of  aoimal  offerings.  These  layers  of 
bnrnt  soil  and  ashes  reoarred  erery  5  feet,  nntil  we  reached  the  last, 
which  was  on  a  level  with  the  earth,  bat  for  4  feet  below  the  sorface 
the  whole  seemed  baked  and  iaterspersed  with  ashes  and  charcoal.  In 
this  charred  mass  of  earth  we  came  upon  the  ouly  relics  contained  ia 
the  monad ;  both  are  of  copper,  and  were  made  of  nnsmelt«d  ore.  "So. 
lis  a  face  or  mask,  and  is  composed  of  four  pieces.  The  maia  pieces 
are  beaten  together  in  the  center  by  some  iastrnmeot  of  atone,  the  mark 
of  the  blows  beiug  distinctly  visible.  One  piece  is  riveted  on  each  side 
to  represent  ears,  and  the  rivets  are  exceedingly  welt  pat  in  and  firmly 
united.  It  is  oval  in  shape,  0  inches  loog  aod  4  wide,  being  aboot  as 
large  as  the  average  faoe  of  a  man.  By  aid  of  a  sharp  tool  small  dots 
were  made  to  trace  the  location  of  the  eyes,  eyebrows,  nose,  and  month, 
and  a  horizontal  line  beneath  the  oose  shows  the  place  of  the  nose- 
stick,  which  bos  a  pendant  on  either  end,  with  a  bead  or  other  ornament 
resting  oa  the  cheek.  At  its  lower  edge,  below  the  chin,  are  three  rivet- 
holes,  by  which  it  was  possibly  fosteni'd  to  a  wooden  or  stone  body,  aod 
then  raised  apon  the  altar,  with  its  barnisbed  suriace  glitteriag  iu  the 
son,  an  object  of  pride  aud  admiration  to  the  assembled  oatioo.  One 
side  of  this  mask  is  eroded,  and  the  whole  is  heavily  coated  with  the  oxide 
'  ofcopper.  By  its  side  lay  another;  itconsistsoftwoooncaredisks,  which 
are  connected  together  by  a  stem,  the  whole  being  shaped  like  an  hour- 
glass, hollow  throagh  its  entire  length.  It  was  also  hammered  out  of 
copper  ore,  and  so  deftly  done  that  no  joints  are  visible  either  in  the 
ends  or  in  the  stem.  The  stem  is  not  riveted,  bnt  seems  continuous,  as 
if  it  bad  been  oast  in  one  piece ;  yet  the  blows  of  the  tool  with  which  it 
was  made  are  plainly  vieible.  At  first  I  supposed  it  to  have  been  a 
spool  upon  nhiuh  the  Indiaos  woand  their  thread  of  sinews ;  nor  coald 
I  have  gttessed  its  proper  use  had  I  not  discovered  one  of  a  similar 
kind  in  aa  adjacent  moond.  It  would  have  been  a  costly  spool,  for,  no 
doabt,  with  their  mechanical  apfdiancee,  it  was  a  labor  of  long  dara- 
tion  to  fashion  oDesach,and  I  afterward  became  convinced  that  it  was  an 
emblem  of  aatbority,  and  was  worn  around  the  neck  of  their  prieat. 
Where  did  they  procure  the  coppw  T  There  is  noae  in  this  conntrj 
nearer  than  the  mountains  of  Uaaka,  300  miles  distant,  and  the  still 
more  remote  shores  of  Lake  Superior.  The  esisteoce  of  copper  imple> 
meats  is  so  rare  iu  this  State,  that  they  must  have  been  indeed  predoos 
to  the  tribe  owning  tbem,  and  may  have  been  buried  for  safe-keeping. 
The  two  smaller  mounds  were  now  examined,  bnt,  ia  the  one  nearest 
the  large  one  I  fouad  notbiug,  it  having  been  previously  opened  and  ex- 
amined by  Dr.  Joseph  Jones,  of  New  Orleans.  In  the  farther  one,  how- 
ever, I  found  an  oval  piece  of  galena,  weighing  three  pounds— this  lay 
abont  i  inches  to  one  side  of  the  other  objects — and  a  piece  of  a  lower 
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maxillary  bone.  A  man  bad  been  bnriecl  io  this  moaDO,  but  all  tbat 
was  left  of  him  wa3  some  bone-eartta,  sbowiog  where  they  laid  him,  and 
this  small  fragment  of  the  jaw-bone,  preserred  by  its  contact  with  Ibe 
copper,  it  being  colored  and  permeated  by  the  oxide  of  copper.  It  is 
the  central  piece  of  the  lower  jaw,  and  shows  on  each  side  the  mental 
foramina  and  the  absorbed  remains  of  the  alveolar  processes.  Only 
fragments  of  the  incisors  remain.  Now,  the  fact  that  the  skeleton  was ' 
entirely  decayed,  excepting  this  small  fragment,  plainly  Indicates  its 
great  antiqnity ;  for  in  all  the  monads  examined,  not  only  by  myself,  bnt 
by  others,  where  the  remains  of  bones  are  discovered  at  all,  they  are  in 
a  good  state  of  preservation,  the  depth  of  the  sepulcher  preservinf;  thetn 
from  decay.  And  yet,  in  the  bottom  of  this  monnd,  never  before  bronghtto 
light,  or  subjected  to  the  infinences  of  the  atmosphere,  only  this  remains; 
and  even  that  would  have  long  since  moldered  into  dust  had  it  not  been 
in  contact  with,  and  almost  snrronnded  by,  this  piece  of  copper.  Nor 
was  this  the  only  strange  thing  preserved  by  this  copper,  for  on  the  atem 
of  the  bobbin  was  aboat  18  inches  of  flax-tbread  and  throngh  its 
center  was  a  piece  of  cord.  This  thread  and  cord  are  green  fh>m 
the  effect  of  the  copper  and  still  retain  some  degree  of  strength.  I 
say  it  is  flax,  bnt  of  that  I  am  not  certain,  as  I  examined  it 
with  a  pocket  microscope  only.  It  certainly  is  not  of  animal  fiber,  bat 
is  vegetable.  It  had  evidently  been  hanging  aronnd  the  neck  of  the 
skeleton  over  which  this  mound  was  erected,  and,  the  lower  jaw  drop- 
ping, the  mental  portion  of  the  bone  became  naturally  wedged  in  th& 
copper  bobbin,  and  thus  it  remained  nntil  my  discovery.  The  skeleton 
was  tbat  of  a  very  old  man.  In  all  my  exhumations  I  have  not  before 
fonnd  a  decayed  skeleton,  rarely  even  a  missing  tooth.  The  order  of  loss 
is  welt  known;  flrst,the  mo1arB,then  the  bicuspids,  and  flnallytbeincisors. 
Heraall  were  gone.  From  these  factsi  suppose  this  man  to  have  attained 
a  very  great  age.  From  the  known  veneration  of  the  later  races  of 
Indians  for  the  aged,  I  infer  that  he  was  one  of  their  rulers ;  and  the 
Indians  being  patrUuvhal  in  their  form  of  government,  he  mnstfaave 
been  a  priest  and  a  noted  person,  or  no  monnd  would  have  marked  the 
place  of  his  burial.  This,  then,  is  my  reason  for  believing  these  copper 
Iwbbins  to  have  been  the  symbols  of  office  or  antbority,  and  not  simply 
spools  npon  which  to  wind  their  thread.  The  fragment  of  thread  ia 
coated  with  some  kind  of  gum,  probably  asphaltum,  and  that,  no  donbt, 
contriboted  to  its  preservation.  These  few  relics  were  all  that  was 
obtained  from  these  mounds,  except  the  piece  of  galena,  before  allnded 
to,  which  may  have  served  to  give  weight  to  the  cinb  of  some  stalwart 
warrior.  Unfortanately  the  laud  has  been  cleared  and  cultivated  so 
long  that  most  of  tbe  graves  have  been  destroyed.  Several  ledges  of 
rock  pass  through  it,  and  io  every  crevice  of  these  ledges  bones  are  de- 
posited. They  are  also  to  be  found  scattered  over  the  ground,  where  they 
have  not  been  destroyed  by  the  plow  and  the  elements.  Old  settlers  say 
that  at  one  time  the  ground  was  thickly  strewed  with  them.  Kear  tbe 
18  8  ■■ 
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ceobar  of  tlie  great  cemetery  staada  a  hn^e  monnd,  tfae  flnoet  in  the  coao- 
try,  and  one  which  I  wu  aDxions  to  examine,  bot  was  preveDted  from 
douig  80  by  the  sotaples  af  the  owner.  I  examined  some  of  the  graves, 
however.  I  found  them,  as  asaal,  composed  of  flat  stones,  Bet  edgevrtae, 
wit4i  stone  bottoms,  bat  do  covering  except  earth.  Several  pieces  of 
crookery  were  broken  by  the  catelessnesa  of  the  aa^stants.  One  spec- 
imen resembles  perfectly  a  sqoaBli,  and  tends  to  show  that  tins  vegeta- 
Ue  at  least  was  familiar  to  these  people.  I  also  obtained  a  string  of 
beadF,  and  on  emalet  which  resembles  the  face  of  a  man.  Many  relics 
have  bean  taken  irom  these  graves,  bat  b«og  considered  of  little 
valae  wete  nef^eoted  antil  lost  or  destroyed.  There  was  at  one  time  a 
luge  fortified  oacip  whioh  withstood  the  changes  of  time,  bnt  it  has 
long  sinoe  fielded  to  the  iuflnoDce  of  the  plow.  Three  miles  sontb  of 
FrackliD)  on  a  bluff  of  Big  Harpeth  Biver,  was  another  camp,  covering 
twelve  acres  of  land,  eaeb  end  of  the  inclosing  earth- work  resting  npoD 
the  bluff.  Thisoamp  was  surrounded  by  a  wall  and  ditch,  and  three 
mounds  were  within  the  iooloaaro.  Three  moands  were  examined  in 
1867  by  Frofeasor  Jones,  the  rosalt  ol  which  I  have  not  been  able  to 
procure.  I  found  a  few  isolated  graves  there,  from  which  t  procured  a 
very  perfect  vase  with  ears  to  it.  This  vase  was  lying  inverted  by  the 
neek  of  a  male  skeleton,  and  there  were  also  some  bones  of  a  deer.  A 
pile  of.  rocks  near  by  indicated,  as  I  thought,  a  grave,  bnt  I  found  It  to  be 
an  oven,  lined  at  tbe  botton  and  sides  with  baked  olay,  and  covered 
with  flat  rooks.  It  bad  broken  pieces  of  pottery  in  it  On  tbe  largest  of 
the  three  monoda,  about  half-way  up  the  slope,  a  grave  was  discovered 
ooDtaiaiog  a  large  skeleton.  Piercing  tbe  8ternom,from  the  interior, 
was  a  seaall,  deiicately-mada  arrow-head,  tbe  cause,  no  doubt,  of  tbe 
death  of  the  buried  man. 

Tbe  most  celebrated  cemetery,  and  the  one  most  freqaently  resorted 
to  by  reUc^auten,  is  at  "Old  Town,"  seven  miles  northwest  of  Frauk- 
lio,  oa  the  farm  of  Mrs.  Brown.  Formerly,  like  other  encampments, 
it  had  a  wall  and  ditch  snrroanding  it,  bat  they  are  gone.  There  were 
many  graves  and  mounds  scattered  over  the  inclosure.  Most  of  these 
graves  bave  long  since  been  emptied  of  their  con  tents,  and  the  mounds, 
for  the  most  part,  have  been  dog  into.  However,  I  obtained  some 
very  iutevesttag  relics  here,  among  them  two  beautiful  pieces  of  ivory 
oarved  with  a  prectsiou  seldom  seen  among  Indians.  They  are  made 
from  a  task,  probably,  of  the  mastodon.  The  larger  one  must  have 
'Come  from  the  tusk  of  a  monster,  for  to  furnish  material  for  sucb  a 
jiorget  iC  must  have  been  12  ioches  in  diameter.  These  gorgets  hare 
two  boles  in  tbe  edge,  near  each  other,  and  they  were  most  probably 
worn  sosponded  on  tbe  breast,  and  may  have  been  emblems  of  authority. 
One  of  them  was  in  the  grave  of  a  giant.  Tor  a  large  mau  conld  pass  the 
lower  jaw-booe  around  bis  face;  and  the  thigh-bone  was  four  inches 
louger  than  that  of  a  man  six  feet  two  inches  high.  A  piece  was  frac- 
tured off  one  edge  by  accident  after  taking  it  up.    Another  string  of 


AKTIQUrrtES  OV  TXyNEeSEE.  275 

beads  was  procarad  here.  They  ue  madeof  txtoe,  »re  qaite  anian,aDd 
ware  lyiog  Id  the  grave  of  an  io&at.  The  dead  in  tbiB  oemeter;  were 
all  bnried  with  their  beadg  toward  the  east,  and  some  graves  oontained 
the  booes  of  tbree  or  foar  persons.  It  was  quite  contipon  to  flod  the 
boaes  of  children  and  adalts  in  one  grave,  tboqgh  occafiiooally  a  grave 
was  oceopiad  by  several  cbildreo.  The  relies,  when  there  were  any,  were 
always  foand  by  the  side  of  the  sknil. 

Where  they  |)rocared  the-  material  to  make  the  gieMistone  axes  fonud 
among  their  grave  relies  I  cannot  say,  as  it  is  a  volcanic  or  igneoas 
rock,  and  dodo  is  found  in  this  State.  It  is  said  that  a  bluff  od  the  Mis- 
soon  Biver  Aimiabed  the  neighboring  Indians  with  the  maberial  for 
these  and  many  other  implements. 

A  jar  holding  about  two  quarts,  and  a  small  pot,  were  ezbumed.  In 
the  latter  was  foand  a  piece  of  oxide  of  iron,  weighing  about  two 
oonees,  which  shows  a  worn  spot,  where  it  bad  been  scT^)ed  by  the 
owners  to  obtain  paint  for  their  bodies.  It  readily  yields  a  dusby-red 
color  on  being  moistened.  In  one  of  tbe  graves  were  found  five  beauti> 
fol  oblong  beads  of  amber,  two  Inches  long,  and  in  the  center  one-half 
ioob  in  diameter.  Ibey  were  smoothly  bored,  and,  though  sbowing 
some  cracks,  were  still  entire.  Unfortunately,  these  were  stolen.  They 
showed  a  flue  polish,  and  would  have  been  prised  by  our  ladies  very 
highly.  I  also  saw  a  bead  of  the  same  material  raised  upon  tbe  drill  of 
a  well-borer  in  this  town,  only  differing  from  tbe  others  in  tbe  foot  that 
it  was  round  and  abont  tbe  size  of  a  grape,  It  was  accidentally  lost  by 
the  gentlemen  who  discovered  it.  I  have  a  small  implement  of  con- 
glomerat« — iron,  silica,  and  pyroxene — so  hard  that  the  best  file  will 
make  no  impression  upon  it,  and  tapering  both  ways  from  about  one- 
third  its  length.  It  is  difficult  to  conceive  its  nse,  unless  by  tbe  aid  of 
sharp  sand  it  was  used  to  bore  or  drill  the  bowl  and  stem-hole  of  tbeir 
pipes.  It  fits  those  openings  in  both  the  pipes  which  I  have.  I  also 
procured  a  large  number  of  axes  of  every  size,  from  tbe  smallest  toma- 
hawk to  tbe  largest  cbopping-ax.  Flint  arrow-beads,  harpoon-heads, 
and  epemr-beads  also  are  plentiful  in  my  collection,  besides  nany  other 
ntensils  and  implements.  On  the  bluffs  of  the  Big  Harpeth  many  IHC- 
tures  of  Indians,  deer,  buffalo,  and  bows  and  arrows  are  to  be  seen. 
These  pictures  are  rudely  drawn,  but  the  coloring  is  as  peifect  now  as 
when  first  put  on.  We  have  also  bone  awls,  buokhorn  handles  for 
knives,  &c. 

We  now  have  to  consider  the  most  interesting  relics  fbttnd  with  the 
dead  aborigines,  viz,  the  idols  {  and,  as  I  have  before  stated,  since  it  is 
aniversally  conceded  that  our  Indians  are  the  only  known  savage  race 
whioh  does  not  worship  idols,  it  is  diffionit  to  define  the  nae  to  vhich 
these  relics  were  pot  by  tbeir  owners.  I  have  procured  four  speci- 
mens, all  of  sandstone,  except  one  made  of  day  and  sand  and  burnt. 
One  of  these  idols  weighs  27^  pounds,  and  is  cut  from  a  solid  block  of 
saudatoue.    It  is  remarkable  for  its  great  resemblance  to  the  idols  of 
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India  and  China.  The  workmanship  is  rode,  it  is  tnie,  bat  faithful  in 
its  details.  The  legs  are  only  represented  to  the  knees.  There  is  an 
attempt  to  show  the  hair,  and  at  the  back  of  the  bead  tbero  is  a  knot 
of  bair,  with  a  loop  for  the  soBpension  of  ornaments.  This  flgare  does 
not  contain  an  opening  like  a  pipe,  and  was  evidently  only  intended  as 
a  representation  of  a  man.  It  was  fonnd  lying  in  a  grave  by  the  side 
of  a  huge  skeleton,  much  taller  than  the  present  race  of  men.  The 
skeleton  was  in  such  a  state  of  decay  that  It  coald  not  be  preserved. 
Another  idol  of  sandstone  of  much  ruder  workmanship  than  the  former 
was  fonnd  here.  It  weighs  eight  ponnds,  and  was  altto  taken  from  » 
grave.  Evidently  art  was  in  its  earliest  stages  when  this  was  executed, 
and  it  is  rather  a  caricature  than  a  likeness  of  man.  The  arms  folded 
on  the  breast,  are  only  oatlines  traced  in  the  stone,  and  the  features  are 
made  in  a  similar  maoner.  The  breasts  are  larger  in  proportion  than 
those  of  the  former  image,  and  from  their  prominence  I  am  inclined  to 
think  it  was  intended  fbr  a  female.  Aootber  figure  about  the  same  size 
and  of  the  same  material  was  found;  it  unquestionably  represents  a 
woman.  The  features  are  more  distinct,  aud  the  arms,  instead  of  being 
crossed,  rest  upon  the  side,  with  the  bands  npon  the  knees.  The  breasts 
are  well  developed,  and  the  spinal  colAma  is  marked  along  the  entire 
length  of  the  back.  The  head-dress  is  peculiar,  the  hair  being  in  folds, 
and  divided  into  three  separate  parts,  with  a  knot  on  the  top  of  the  head. 
All  these  images  were  taken  from  graves,  though  mounds  were  in  their 
immediate  vicinity.  I  have  many  other  relics  of  the  moond-bnilders, 
bat  these  comprise  Che  most  important  and  interesting. 


AKTiqUITlEB  OF  NASHTILIE,  nHH. 

B;  R.  S.  BOBBRTSON,  of  Fori  Wai/nt.  litd. 

On  the  27tb  of  Angnst,  1S77,  during  the  session  of  the  American 
Association  for  the  Advancement  of  Science,  in  company  with  Hr.  H.  IT. 
Bust,  of  Chicago,  and  Mr.  E.  Curtis,  of  Kashville,  I  visited  a  locality 
famous  for  its  stone  graves,  or  '■  cist "  burlalf.  It  is  a  vast  cemetery, 
situate  on  a  hillside,  abont  two  miles  from  the  State  House,  beyonil 
Fisk  University,  the  hill  being  crowned  by  Fort  Zollicoffer,  a  Confed- 
erate earth-work  commanding  the  Cumberland  River  for  a  considerable 
distance.  Nearly  all  the  hills  and  ridgra  in  the  vicinity  are  said  to  hare 
been  occupied  and  used  as  cemeteries  by  the  aborigines.  A  brief  search 
through  a  oora-fleld  close  at  band  rewarded  us  with  a  number  of  perfect 
and  broken  arrow-points  and  two  pestles,  one  of  which  is  pecnliar  from 
having  the  npper  end  flattened  like  the  "  flesbers,"  or  **  skin-dressiug 
implements."  The  ground  on  the  face  of  the  hill,  wheie  denuded  by 
the  action  of  the  weather,  is  covered  with  periwinkle  shells,  and  ou 
digging  we  fonnd  them  everywhere  mixed  in  large  quantities  with  the 
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eartb  fllliog  the  graves.  The  graves,  or  "  oUts,"  do  not  Beem  to  be  laid 
oat  accordiog  to  any  regular  plan,  thoagli  many  of  tbem  are  side  by 
side  sod  located  close  together.  We  foond  none,  however,  in  which  the 
same  slab  iran  nsed  as  a  partition  between  two  bnrials,  bat  those  opened 
were  complete  ia  themselves.  Of  two  completely  exhnmed  by  ns,  lying 
side  by  side,  one  bad  stone  slabs  lying  on  the  bottom  npoo  which  the 
body  had  been  laid.  The  sides  and  ends  of  the  grave  were  lined  with 
thin  limestone  slabs,  ma'king  a  complete  stone  cist,  abont  six  feet  long 
and  Jast  wide  enoagh  for  the  body  to  be  placed  within  it,  with  the  arms 
pressed  close  to  the  side.  The  body  had  been  placed  on  its  back,  bat 
the  bead  had  fallen  a  little  to  the  right  side,  and  the  pressure  of  the 
earth  had  caused  a  distortion  of  the  base  of  the  skull  in  the  opposite 
direction  from  the  point  on  which  the  sknll  rested.  Close  to  the  left 
shoulder  a  small  earthen  vase,  holding  abont  a  gill,  was  found.  It  bad 
perforated  ears  for  soBpensiou,  and  was  filled  with  some  carbonized 
matter.  The  skeleton  of  a  child,  of  aboat  two  years  (as  we  snrmise 
&om  the  couditioD  of  the  teeth),  lay  between  or  upon  the  legs  of  the 
adult  (probably  a  female),  its  head  between  the  thighs,  and  the  body 
extended  down  along  the  legs.  Tbe  earth  inside  the  cist  was  very  com- 
pact, and  mixed  very  thoroughly  with  periwinkle  shells.  I  coooladed, 
from  the  compactuess  of  the  earth  within  the  cist,  that  it  had  been 
heaped  up  and  the  slabs  laid  npou  tbe  heap  to  allow  for  settling,  as  no 
space  existed  between  the  covering  slabs  and  the  earth  beneath. 

In  the  next  grave  there  were  no  atones  forming  a  bottom  to  the  cist, 
but  the  body  lay  npon  tbe  earth.  In  this  case  the  bead  bad  not  turned 
at  all,  aud  the  distortion  by  compression  was  a  flattening  of  the  rear  of 
the  skull,  so  that  the  diameter  from  front  to  rear  was  less  than  the  lat- 
eral diameter.  No  ornaments,  tools,  or  pottery  were  discovered  in  this 
grave,  bat  a  flint  arrow-bead  of  the  blunt  pattern  was  found  in  tbe  eartb 
above  tbe  covering  slabs.  Another  noticeable  feature  was  the  fact  that 
l>art  of  the  covering  had  fallen  in  at  one  side.  Had  the  stone  been  laid 
npon  the  upright  slabs  forming  the  sides,  it  could  hardly  have  follen  in 
in  that  manner,  but  must  have  broken  by  the  weight  of  the  superin- 
cambent  earth.  The  earth  filling  the  grave,  as  in  the  other,  was  mixed 
with  shells. 

These  graves  are  found  everywhere  about  Nashville,  and  within  the 
city  limits.  On  the  ridges  close  to  the  Snlpbnr  Spring,  the  stones  iu- 
closing  such  graves  may  be  seen  protruding  from  the  ground,  where  tbe 
eartb  above  has  weathered  off.  Fragments  of  pottery  aboand,  some  of 
tbe  common  sort,  and  others  very  thick — about  one-half  to  three-fonrths 
inob — composed  of  a  grayish  clay,  with  large  fragments  of  shells.  The 
vessels  of  which  they  were  part  mast  bave  been  very  large.  Tradition- 
ally, they  are  believed  to  have  been  used  in  evaporating  salt  from  the 
Rpring.  A  brief  search  resulted  fn  finding  nnneroos  specimens  on  the 
Borface  and  protruding  &om  the  sides  of  the  ridges  near  the  surface. 
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It  Is  iaaid  tbbt  Vb«  eaHoe  propertleB  of  tbe  spring  were  more  notioe- 
sble  before  tfaft  deep  lnoie  vae  made  which  prodaoed  the  solplinr  water, 
whleh  l8  so  naeh  paliFonlsed.    Tbe  well  is  now  SOO  feet  deep. 

My  main  object  to  presenting  Hiese  ftictsistocall  attenCloQ  to  the 
distorted  condition  of  the  crenia.  la  my  opinion  many  otherwise  acnte 
ottaerrers  have  11660  misled  in  their  olas^flcatloQ  of  skulls  by  tiie  ap- 
pearance of  those  distorted  by  pressare. 

My  experience  has  led  me  to  beliere  tliat  may;  sknlU  considered  ab- 
normal, or  as  belonging  to  a  race  type,  are  simply  distorted  by  the 
pressure  of  the  superineombent  euth.  To  llluatrate:  If  a  corpse  has 
i>eea  boned  in  a  sandy  or  otherwise  loose  earth,  with  the  eyes  tamed 
apward,  as  the  soft  parts  decay,  the  skull  Is  filled  by  the  earth  peoe* 
tratfng  or  silting  down  throngb  tbe  sockets  so  as  to  present  aresiatance 
to  pressare,  and  we  may  expect  to  find  a  skull  in  the  normal  condition. 
If,  on  the  other  hand,  the  earth  Is  bard  and  not  of  a  quality  to  penetrate 
and  fill  the  skall,  or  if  the  sknll  be  tamed  to  one  side  so  as  to  prerent 
it  being  filled  except  by  a  slow  process,  we  may  expect  to  find  the  skull 
distorted,  bent  as  It  were,  and,  so  far  as  my  experience  goes,  the  rale  is 
invariable.  If  tbe  bead  lay  oo  its  side  we  should  have  a  dolichocephalic, 
and  if  upon  its  back  a  brachycephalic  skull,  witbont  any  breaking  of 
the  bone.  If  tamed  to  either  side,  we  should  have  a  distorted  skull, 
which  belongs  to  neither  class,  but  might  be  unwittingly  classed  as  a 
"  type,"  or  as  an  abnormal  development. 


IMBNIXAL  STVirCTIIKBS  IK  «Mfl».. 

By  Cbabi-eb  C.  Jones,  Jb. 

I. 

BIBD-SHAPXD  STOHE  TUUUU  IN  PUTNAU  COUNTT,  OBOBQU. 

The  existence  of  curious  eEQgy-moonda  in  the  southern  counties  of 
Wisconsin  Vas  noted  by  Mr.  Lapham  in  1836.  Subsequently,  Mr.  Tay- 
lor, Professor  Locke,  and  Messrs.  Sqnier  and  Davis  famished  additJooal 
information  in  regard  to  the  distiactive  characteristics  of  these  aansoal 
strnctnres.  It  was  reserved,  however,  for  the  Smithsonian  Institation, 
in  the  seventh  volume  of  its  "  Contributions,"  to  farnisb,  from  the  .pea 
of  Mr.  lApham,  the  most  complete  account  of  these  interesting  remains. 
They  were  quite  namerons  along  the  great  Indian  trail  or  w«r-path 
from  Lake  Michigan,  near  Milwaukee,  to  the  Mississippi  above  the 
Prairie  da  Ohten,  Generally  representing  men.  bafikloeB,  elk^  bears, 
otters,  wolves,  raccoons,  birds,  serpents,  lizards,  turtles,  and  frogs,  in 
some  instances  they  were  sapposed  to  typify  inanimate  otyeots,  soch  as 
bowB  and  arrovs,  crosses,  and  tobacco-pipes.    While  the  outlines  of  not 
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ft  few  bad  been  serioasly  impaired,  otbers  in  a  spirited  and  correct  man- 
ner declared  the  objecta  of  tfaeir  initAtion.  GoBstraoted  of  earcb,  they 
varied  in  height  &om  6  ioehee  tp  7  feet.  la  certain  localities  the 
animals  were  delineated  not  in  relief  but  In  intaglio,  by  excavations 
and  not  by  elevations. 

Two  animal  mounds  have  been  observed  in  Ohio.  On  an  elevated  spnr 
of  land  near  GrsDville  is  an  earthwork  knovn  in  the  neighborhood  as 
the  Alligator.  Its  total  leagth  is  250  feet.  The  bead  and  body,  four 
sprawling  legs  and  a  curled  tail,  were  all  clearly  defined.  Across  the 
body  It  was  40  feet  broad,  and  the  length  of  tbe  legs  was  30  feet.  Foar 
feet  expressed  the  average  height,  while  at  tbe  sbonlders  the  monnd 
attained  an  elevation  of  6  feet.  It  was  manifestly  the  effort  of  the 
primitive  workmen  to  preserve  the  proportions  of  the  reptile. 

Situated  on  a  ridge  rising  150  feet  above  Brosh  Oreek,  in  Adams 
Gonnty,  is  a  stiU  more  remarkable  structure,  which,  from  its  condgnra- 
tion,  has  received  the  appellation  of  the  Great  Serpent.  "  Conforming 
to  the  curve  of  the  hill,  and  occnpyiug  its  very  summit,  is  tbe  serpent, 
its  bead  resting  near  tbe  point  and  its  body  winding  back  for  700  feet  in 
graceful  undulations,  terminntiag  in  a  triple  coil  at  the  tail."  If  ex< 
tended,  its  entire  length  would  be  not  less  than  1,900  feet.  The  em- 
bankment is  upward  of  5  feet  high,  with  a  base  diameter  of  30  feet  at 
tbe  oeuter  of  the  body,  whence  it  diminishes  somewhat  toward  tbe  head 
and  tail.  <'Tbe  neck  of  the  serpent  is  stretched  oat  and  slightly  curved, 
and  its  mouth  is  opeued  wide,  as  if  in  the  act  of  swalloviog  or  ejecting 
ao  oval  flgore,  which  rests  partially  within  the  distended  jaw^" 

When  and  by  whom  these  remarkable  tumuli  were  boUt  is  not  knj>wo. 
The  object  of  their  construction  is  equally  a  matter  of  QOi^jeotare. 

It  has  been  supposed  that  these  animal-shaped  mounds  existed  only  ia 
Wisconsin  and  a  few  other  localities  in  the  WesL  Our  recent  observa> 
tions  prove,  however,  that  the  primitive  dvellers  iu  the  Soatb  have  left 
similar  traces  of  their  nonstructive  skill. 

Six  miles  and  a  half  north  of  Eatonton,  in  Putnam  Connty,  Qeorgia, 
OD  a  plantation  owned  by  the  bars  of  the  late  llr.  1.  H.  Soott,  may 
now  be  seen  a  bird-shaped  mound  of  definite  oopfigocatipu.  X«(M»ted 
la  the  midst  of  a  beautiful  wood,  and  orowning  a  high  ridge  near  tlie 
headwaters  of  Little  Glady  Creek,  it  ia  composed  entirely  of  bowlders  of 
white  quartz  rock,  gathered  ftom  tbe  ac^aoent  territory.  Most  of  these 
bowldera  are  of  suoh  size  that  they  ooald  have  been  tmn^poited  by  a 
single  individn^.  For  the  removal  of  others  two  or  thi^ee  persons 
would  have  been  requisite.  These  bowlders  we*e  oaref|illy  pilad  one 
above  another,  the  inteiatioes  being  Ailed  with  smaller  fjragaeuta  of 
miU^  gnarlb  Into  the  qompositiou.qf  the  stiuoturo  eatw^neitlusr  earth 
nor  day. 
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8oab  a /Ml  till  <nA 
tUid-chitisd  atoaa  nuRUid  la  Pnlsun  Count;,  G«drgU. 

This  stone  moand  represents  an  eagle  lying  npon  its  back,  with  ex- 
tended wings.  (Bee  Fig.  1.)  The  head  is  toraed  tovanl  the  east.  In 
the  coDBtrnction  of  this  tamulas  respect  was  had  to  the  object  imitated ; 
the  height  of  the  tamnlas  at  the  breast  of  the  bird  being  between  7  and 
8  feet,  its  sltitnde  thence  decreaaing  toward  the  head  and  beak,  where 
it  is  not  more  than  2^  feet  high,  and  also  toward  the  extremity  of  the 
wings  and  tail,  where  it  has  an  elevation  of  scarcely  2  feet  The  beak 
is  decidedly  aquiline,  and  the  tail  is  indented.  Measured  from  the  top 
of  the  bead  to  the  extremity  of  the  t.ail  this  Btrncture  is  102  feet  loog. 
From  tip  to  tip  of  the  wings,  mcasnri^d  across  the  body,  we  have  a  dis- 
tance of  120  feet.  The  greatest  expanse  of  tail  is  3S  feet,  the  same  as 
the  lateral  diameter  of  the  body.  The  proportions  of  the  head,  neck, 
wiuga,  and  tail  are  cleverly  preserved.  That  this  tamulas  was  designed 
to  typify  an  eagle,  we  think  may  be  affirmed  with  some  degree  of  con- 
fidence, and  that  it  possesses  nnnsual  attractions  viU  not  be  denied. 
Snrronnded  by  primitive  forest  and  composed  of  most  durable  material, 
its  antiquity  is  evidently  very  considerable.  If  undistarbed,  it  will 
preserve  its  integrity  for  an  indefinite  period. 

By  some  cnrions  persons  an  attempt  was  made,  years  ago,  to  pry  Into 
its  secrets.  A  partial  opening  was  effected  in  the  breast,  but  with  what 
results  we  conld  not  learn.  It  excites  no  surprise  that  the  eagle  shoald 
hare  been  selected  in  ancient  times  as  a  symbol  of  all  that  was  swift, 
powerful,  watchful,  daring,  and  noble.  Of  its  feathers  was  the  battle- 
flag  of  the  Creeks  made.    Their  connciModges  were  snrmounted  with 
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caired  imageB  or  stuffed  skins  of  tbis  regal  bird.  Nooe  among  the 
Cberokees,  save  approved  warriois,  were  permitted  to  wear  its  plotnes. 
To  this  king  of  the  featbered  tribe  vere  religioae  honors  paid  by  the 
>'at4^ez,  who  regarded  its  feathers  not  simply  as  omameDts  and  tro- 
phies, bat  as  marks  of  dignity  and  insignia  of  no  common  import 

AboDt  a  mile  and  a  half  from  Lawrence's  Ferry,  on  the  Oconee  Birer, 
and  titoated  on  a  stony  ridge  near  the  main  road,  on  the  plantation  of 
Mr,  Eindieu  D.  Little,  in  Putnam  Coanty,  is  another  of  these  bird- 
sh^ied  moQDds.  Like  the  former,  it  is  composed  wholly  of  bowlders 
of  white  qaart2  rock,  collected  from  the  bill  on  which  it  stands.  (See 
Fig.  2.) 


riG.2. 


BealtW/ittlol 

Blrd-aluped  atoiM  monnd  In  Puti 


m  CoDiitj,  Oeorgla. 


Its  dimensioDs  do  cot  materially  differ  from  those  of  the  tumnlos  on 
the  Soott  place.  The  tail,  however,  is  bifaro4ted.  The  bead  of  the  bird 
lies  to  the  soatheast,  and  its  wings  are  extended  io  the  direction  of 
aortbeast  and  sootbwest.  The  entire  length  of  the  atraotare,  from  the 
crown  of  the  bead  to  the  end  of  the  tail,  is  102  feet  and  3  inches. 
For  a  distance  of  twelve  feet  the  tail  is  bifurcated,  and  Jost  above  the 
point  of  biforcatlon  it  is  12  feet  wide.  Across  the  body,  and  ftom  tip 
to  tip  of  the  winga,  the  tape  gave  ns  a  measarement  of  132  feet.  The 
body  of  this  bird,  which  is  evidently  lying  apon  its  back,  Is  stoater  than 
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that  of  the  eagle,  being  78  feet  tn  diameter.  Its  wings  sre  relfttiTdy 
shorter.  The  proportioDS  of  the  head,  neck,  and  tafl  are  tolerably  well 
observed.  What  particular  bird  this  tnmaTaa  is  designed  to  typify,  v« 
are  at  a  loss  to  enggest.  The  altitude  at  the  breast  is  itboot  5  feet,  aod 
from  that  poiot  the  struoture  tapers  to  the  head  and  tail,  which  are  some 
two  feet  high.  At  the  tips  of  the  winga,  which  ore  Short  and  cDrveditbe 
height  is  not  more  Uian  a  foot  and  a  hal£  Tbe  ridge  opon  wbnh  this 
mouDd  rests  has  never  been  cleared. 

Surrounding  this  bird-shaped  tamalns  Is  an  inolosuie  of  rocks  etmSa 
to  those  of  whicli  the  mound  la  bnllt.  This  stone-circle  Is  sf  mmetrieal 
in  ontline,  and  at  its  nearest  approach  passes  within  a  few  feet  of  the 
tips  of  the  wings. 

Crowning  the  elevated  ridges  by  which  this  connty  is  traversed,  an 
occasional  rocfe-monnds  of  artificial  origin.  Usoally  from  4  to  8  fwl 
high,  and  with  base  diameters  of  ftom  30  to  40  feet,  they  are  circnlsr  Id 
form,  and  are  composed  of  the  fragments  of  mUliy  quattz  so  commoD 
in  the  region.  Some  have  been  opened,  and  from  them  have  been  taken 
homan  bones  and  relics  of  varioos  sorts.  Manifestly  snob  are  grave- 
monnds.  It  being  easier  iu  the  rooky  iNighborhood  to  heap  such  stoue- 
piles  above  than  to  covet  the  dead  with  earth.  Of  this  class  of  toniaU 
we  instance  one  on  the  plantation  of  Dr.  J.  T.  d«  Jamette,  12  miles  from 
Eatonton  and  about  a  mile  from .  the  Ooonee  BLvar,  and  another  on  the 
land  owned  by  Oapt.  A.  S.  fieid,  foar  miles  from  Eatonton  and  near 
Little  Biver. 

It  was  intimated  by  some  of  the  early  observera  that  tunmli  of  tbU 
description  were  not  infre^ently  tempwary  io  their  character,  and 
designed  as  a  protection  to  the  dead  who  perished  awa^  from  their 
homes,  nntil  sach  time  as  they  could  be  coQvenfently  removed  and  carried 
back  for  interment  io  the  established  burial-gronoda  of  the  tribe  or  com- 
manity  of  which  the  deceased  were  members.  WhUe  it  may  be  true 
that  some,  and  perhaps  many  of  the  smaller  rook-piles  so  freqaeut  in 
many  portions  of  Oheroh«e  Georgia,  may  have  originated  in  Ibis  way,  ve 
are  of  opiaion  that  the  substantial  stmctares  to  which  we  have  alluded 
are  permanent  in  their  character,  and  were  erected  as  enduring  memo- 
rials of  the  primitive  dead  of  this  region.  Surely  no  more  lasting  mon- 
ameuts  could  have  been  devised  at  that  early  period. 

The  ezlsteBoe  of  two  disllootly  markied  bird  «h aged  awiwida,  af  firm 
constracUou  and  exc^ent  proportiom,  witbia  the  territory  ooei^led  by 
theSontbem  tribes.  Is  tle^lyiaterMting,  aMlwAlattraottteatbention 
of  the  student  cf  Anerfead  amhnolegy. 


Digitized  by  Google 


ABORICFntAL  BntDCTTJBBS  m  OBOfiOU, 

n. 


283 


.iSCIElIT  TUUCU  OH  THB  SATANHAa  BIVEK,  TISITES  BX  WILUUU 
BAKIUV,  IK  1776. 
Kem  tfae  close  «f  a  spring  day  in  1776,  Mr.  William  Bartran,  who,  at 
tb«  re^Mst  of  Dr.  PoCbergiU,  of  JLondon ,  bad  been  tor  nome  time  «tndy- 
log  the '0on  of  Oarotins,  Georgia,  and  Florida,  forded  Bnwd  Biver  jtut 
above  its  oonfluence  with  tbe  Bavaotiah,  and  beoame  the  guest  of  the 
wmmsRdiDg  officer  at  Port  James.  Hiis  fort  was  sltoated  on  (ui  emi- 
aeooa  tathe'fteksof  the  SaTaaoah  and  Broad,  e^ntdistADtfrom those 
liren,  and  tcoa  the  estreme  point  of  land  fopmAd  by  thslr  anton,  S'ort 
Gharlotta  was  located  aboat  a  mile  below,  on  the  left  bank  of  the  8a- 
TMtDd.    Thestookade  of  Fort  James  was  an  acre  Inextent. 
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Attend«d  by  tji«  polite  enrgeoQ  of  the  ganison,  Bartram  made  an 
a  Qp  the  Bavannah  Biver,  "  to  inspect  some  remarkable  Indian 
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moDnmeDts,"  foar  or  five  miles  above  the  fort  Of  them  he  writes  as 
follows :  "  These  wooderfnl  labors  of  the  ancients  stand  in  a  level  plain 
very  near  the  bank  of  the  river,  nov  20  or  30  yards  from  it  They  con- 
sist of  conical  moanta  of  earth,  and  fonr  square  terraoeB,&o.  The  great 
mount  is  in  the  form  of  a  cone,  about  40  or  SO  feet  high,  and  tbe  oir- 
cnmference  of  its  base  two  or  three  hundred  yards,  entirely  oompoaed 
of  tbe  loamy,  riob  earth  of  the  low  grounds ;  the  top  or  apex  is  flat ;  a 
spiral  path  or  track  leading  from  the  ground  np  to  tbe  top  is  still  risi- 
ble, where  now  grows  a  large,  beaotifal  spreading  red  cedar  [Junipenu 
Amerioana).  There  appear  fonr  niches  excavated  oat  of  the  sides  of  tbe 
hilt,  at  different  heights  fh)m  tbe  base,  f^nting  the  fonr  cardinal  points; 
these  niches  or  senti^-boxes  are  entered  from  tbe  winding  path,  and 
seem  to  have  been  meant  for  resting  places  or  lookouts.  The  circum- 
jacent gronnds  are  cleared  and  planted  with  Indian  corn  at  present, 
and  I  think  the  proprietor  of  these  lands,  who  accompanied  ns  to  this 
place,  said  that  the  mount  itself  yielded  above  one  hnndred  hnsbels  in 
one  season.  The  land  hereabouts  is  indeed  exceeding  fertile  and  pro- 
ductive." 


Unable  satisfactorily  to  determine  the  precise  object  the  aborigines 
had  in  contemplation  in  the  erection  of  tbis  striking  monament,  be 
hazards  the  coi^ectore  that  the  Indians  formerly  possessed  a  town  on 
the  river  bank,  and  raised  tbis  mound  as  <*a  retreat  and  refbge  In  cnae 
of  inundations,  which  are  unforeseeo,  and  surprise  them  very  suddenly, 
spring  and  autumn." 
What  were  tbe  naes  of  the  smaller  elevations  he  does  not  suggest 
Wishing  to  note  the  changes  which  might  have  occurred  during  tbe 
past  hnndred  years,  we  visited  these  tumuli  a  few  weeks  since.  The 
attendant  mounds,  which  are  mainly  grave-mounds,  bad  been  materially 
wasted  by  the  plowshare  and  the  InSnences  of  the  varying  seasons. 
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The  tetragon  terraces  had  lost  tbelr  distinctive  ontlines,  and  were  little 
more  thno  gentle  elevations;  their  snrl^cea  Uttered  with  sherds  of  pot- 
ter; and  dint  chips,  and  occasionally  with  fragments  of  human  bones. 
Freshets  had  sadly  marred  the  level  of  the  adjacent  space.  Overleaping 
the  river  bank,  the  turbid  waters  had  carved  deep  pathways  in  the  sur- 
face of  the  valley  on  both  sides  of  the  "  great  monnt."  There  it  re- 
mained, however,  wholly  anaffected  by  these  nnasaal  onrreDts.  It  bad 
evidently  suffered  no  perceptible  diminntion  in  its  recorded  dimensions. 
The  Savannah  River  still  parsaed  its  loDg-established  channel,  but  "the 
fonr  niches  or  sentry-boxes,"  if  they  formerly  existed,  were  entirely  gone, 
and  of  "the  spiral  path  or  track  leoillng  from  the  ground  np  to  the  top" 
we  conld  discover  no  trace.  On  the  eontb  a  roadway,  about  16  feet 
wide  and  commencing  at  a  point  some  distance  from  the  base  of  the 
moand,  leads  with  a  regular  grade  to  the  top.  This  manifestly  fur- 
nished the  customary  means  of  ascent,  as  the  sides  are  too  precipitoas 
for  convenient  climbing.  This  featare  seems  to  have  escaped  Mr.  Bnr- 
tratn's  observation. 

Not  having  been  onltivated  for  many  years,  the  apex  and  sides  of  this 
troDcated  cone  are  now  clothed  in  a  luxuriant  growth  of  trees  and 
swamp  cane.  Attired  in  snoh  attractive  garb,  this  tomnlus  forms  a 
marked  object  In  the  profile  of  the  valley  from  which  it  springs.  Proofs 
of  long-coDtioaed  occupancy,  by  the  aborigines,  of  the  adjacent  territory 
are  abandant.  Ancient  bnrial-places,  the  sites  of  old  villages,  traces 
of  open-air  work-shops  for  the  mannfactnre  of  implements  of  Jasper, 
quartz,  chert,  greenstone,  and  soapstone,  refuse  piles,  and  abandoned 
fishing  resorts,  are  by  no  means  infrequent  along  both  banks  of  the  Sa- 
vaoDah  Biver  for  many  miles.  Upon  the  advent  of  the  European  the 
circomjacent  valley  was  found  cleared  and  in  cultivation  by  the  red 
men,  who  here  had  fixed  abodes  and  were  associated  in  considerable 
nambers.  The  Southern  tribes,  in  the  sixteenth  century,  subsisted 
largely  upon  maize,  beans,  pumpkins,  and  melons.  These  they  planted, 
tended,  and  harvested  regularly.  Of  their  agricultural  labors  at  the 
dawD  of  the  historic  period  we  have  full  accounts. 

So  vast  are  tlie  proportions  of  this  largest  mound  that  we  are  per- 
suaded it  rises  tieyond  the  dignity  of  an  artificial  place  of  retreat,  elevu- 
tion  for  chieftain-lodge,  or  mound  of  observation. 

It  appeara  entirely  probable  that  it  was  a  temple- mound,  built  for  sun- 
vorahip,  and  that  it  forms  one  of  a  well-ascertained  series  of  similar 
Btrnctnres  stilt  extant  within  the  limits  of  the  Southern  States.  These 
Florida  tribe:},  as  they  were  called  in  the  days  of  De  Soto,  worshiped  the 
Ban  and  were  frequently  engaged  in  the  labor  of  mound-building.  Over 
tbem  ruled  kings  who  ezereised  powers  well-nigh  despotic  Often  were 
the  coocentnited  labors  of  the  nation  directed  to  the  accomplishment  of 
allotted  tasks.  Hence,  within  the  territory  oconpied  by  these  people, 
we  find  many  traces  of  early  constructive  skill  of  unusual  magnitude. 

The  material  employed  in  erecting  this  large  tumulus  differa  from  the 
aoil  of  the  sorronnding  bottom.    It  is  a  dark-colored,  tenaeiODs  day. 
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while  th9  0arfakc«  of  the  valley  is  eorered  with  a  miofweou  loan  retdil? 
diaaolviag  into  ah  almoat  impalpable  powder.  2Teu  by  are  do  traou 
of  pits  or  evoavations.  Xor  are  there  iadications  that  any  eartji  wu 
serap«d  up  arouod  the  base.  These  facts  afforded  oonQrmatioii  of  tbe 
statemeat  mad«  by  tbe  presaot  owaer  of  the  Mutation  npoowhioh 
tU«s«  tamoli  are  located,  that  the  big  moood  bad  been  bailt  with  clsf 
broaght  ftom  tbe  Carolina  aide  of  tbe  Savannah  Biver.  There  ol^ 
ahooads ;  aad  we  were  informed  that  in  the  side  of  the  hiU  imnediatel; 
opposite,  the  exoavatioiis  may  atill  be  seeQ  whence  the  tongh  material 
was  obtaiaed  for  heai^g  °P  ^b  monad.  This  tnmnlne  is  one  of  the 
finest  within  the  limits  of  Georgia,  and  eboald  be  clasaed  with  tlie 
trancated  pyramids  on  Tonlia's  plantation  in  the  Etownh  VaUeyi  wltli 
the  largest  of  the  Eaat  Macon  monnds,  and  with  that  fimstrnm  of  a  four- 
sided  pyrftmid  on  Messiei's  place,  in  Early  Coant^. 


ANoiBifr  rowju  or  ihb  ooombb  bitbb. 

Aboat  a  mile  and  a  half  north  of  Ute  Fontenoy  Mills,  in  Qieeae 
Gonnty,  Georgia,  and  located  on  the  left  bank  of  the  Ooonee  Birer,  an 
three  tnmnli  sorrounded  by  traces  of  extensive  and  long-oontioned  ii- 
humationa.    Tbe  largest  (A)  is  situated  rather  m(»«  than  100  yaids 
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east  of  tha  river,  wd  n$m  aboat  40  foot  above  tbe  level  of  tbe  vaU^f. 
In  fttmnU  oBtiioa  it  noj  h»  deMribed  vt  a  tninoBted  ootie.  Its  ap«x 
dlametorsi  meMored  nortb  and  aontfa,  and  east  aad  west,  w«re  reopeot- 
ivety,  65  aad  St  feet  At  tbe  base,  bowevei,  tbe  flaoka  are  extended  id 
tka  direotiefl  of  tb«  east  and  west  to  sooh  a  degree  tbat  tbere  is  a  diffo* 
eooe  of  35  feet  between  tbe  boae^iameters  running  nortb  and  sootb, 
aad  cast  Mod  west;  tbe  former  being  133  feet  and  tbe  latter  168  feeL  At 
tbe  ooiter  of  tbe  top  may  be  seen  a  oircolor  depression,  some  20  feet  vide 
and  2  feet  deep.  Toward  tbe  north  tbe  face  of  tbis  tomnlus  is  quite 
pncipitoae.  Wben  first  observed  by  the  European,  thia  monnment 
was  covered  vith  a  growth  of  trees  aa  dense  and  apparently  as  old  as 
tbat  of  tbe  larcoajaceot  lowlands.  When  tbe  ncigbboriog  fields  were 
•cleared,  tbia  monad  was  also  denoded  of  its  vegetatira  and  cultivated, 
its  rich  sarface  fielding  generous  harvests  both  of  com  and  cotton. 
Altlioogh  now  overgrown  with  bntmbles  and  small  trees,  which  materi- 
«ily  retarded  minate  inspection,  it  appeared  quite  probable  from  tbe 
scars  oa  the  enrface  of  the  valley  in  tbe  immediate  vicinity,  that  some 
severe  fre^et  years  ago  impinged  open  tbe  northern  base  of  Uiis  nonnd 
and  carried  away  a  considerable  portion  of  its  northern  flank. 

Batber  more  than  100  yards  to  the  nortJi  of  tbis  tumnlus,  and  trend- 
ing to  the  northwest,  is  an  irregularly  shaped  eicaration  (B),  at  present 
from  10  to  15  feet  deep  aad  partially  filled  with  water,  from  wbicb  the 
eartb  osed  in  the  oonstrnetion  of  these  tomnli  was  obtained. 

As  yet  no  attempt  has  been  made  to  open  tbe  large  mound,  but 
against  its  eastern  fiioe  tbe  overflowing  waters  of  the  Oconee  at  one 
time  dashed,  wearing  it  away  lor  some  distance  and  leaving  there  a 
perpendionlnr  front  of  10  feet  or  more.  Here  were  disclosed  human 
bones,  tbe  skeletoua  of  de^,  nnd  large  beads  made  of  tbe  colomna  of 
the  SUvmimt  gigw-  If  this  partial  rov^tion  b«  acc^ed  as  indicative 
of  tbe  general  contents  of  tbe  tnmolns,  it  eboidd  be  (dossed  as  a  boge 
grave-monDd.  We  decline,  bowewr,  adopting  this  conclnaion  without 
further  information.  It  may  be  tbat  tbe  remains  and  relies  then  on- 
eartbed  belonged  to  later  and  seeondory  interments.  Instances  of  tbis 
sort,  as  we  weU  know,  are  of  frcqaent  oocarreoce. 

Two  bondred  yards  to  tbe  south  is  an  elliptical  grave-monad  (O),  not 
more  than  i  feet  high,  but  covering  a  coaeiderable  area.  Thia  stroct- 
are,  in  tbe  dkectioa  (tf  its  major  axis,  is  about  1<50  feet  long.  Its  minor 
axis  is  two-tJiirds  less.  The  sorfiioe  and  ndghborbood  abound  with 
bonMD  bonee,  Aerde  of  pottery,  fragments  of  pipes,  ebell-bends,  moscle- 
sbella,  and  various  other  relics.  Across  a  shallow  lagoon,  and  250yards 
Bontbeast  of  tbe  large  tomnlns,  is  a  third  mound  (D),  well  preserved,  10 
feet  high,  and  quite  level  at  tbe  top.  In  every  direction,  except  where 
it  looks  toward  the  nortb,  its  sides  alope  gently.  Ilaving  been  constantly 
cultivated  for  many  years,  tbis  straetoro  has  encountered  no  inconsid- 
eratde  wasta  At  the  base  its  nortb  and  south  diameter  was  100  feet. 
Measured  at  right  angles,  tbe  other  diameter  was  88  feec    Similar  meas- 
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Drements  acroas  tbe  top  indicated  SO  feet  and  40  feet.  To  the  eaet, 
west,  and  soatb,  are  traces  of  epars  or  graded  ways  for  easy  ascent. 

This  mound  occnpies  a  uentrat  and  oommaDding  poaltioa  in  tbe  mid- 
dle of  a  fertile  allavial  field  of  fifty  acres.  Althongh  its  contents  are 
nnkaown,  we  conceived  tbe  impression  that  it  was  designed  as  an  eleTa- 
tioD  for  a  chieftain's  lodge,  since  the  Bpanish  historians  mention  tbe 
existence  of  artificial  tnmali  erected  for  this  parpose.  Around  tbe  base, 
and  for  a  considerable  distance  on  every  band,  are  traces  of  primitive 
occupancyi  all  persuading  as  oC  the  fact  that,  in  former  times,  this  tam- 
nlus  was  sorrounded  by  tbe  dwellings  t  f  people  who  had  here  fixed 
their  homo. 

The  space  adjacent  to  the  large  tnmnlns  (A),  to  the  extent  of  some 
four  acres,  appears  to  bare  been  largely,  if  not  exclusively,  dedicated  to 
the  purposes  of  sepulture.  Every  freshet  which  sweeps  over  this  area 
uncovers  human  skeletons,  disposed  in  every  direction  only  a  few  fiet 
below  the  surface.  So  thoroughly  and  frequently  baa  this  territory  been 
torn  by  freshets  that  it  has  lost  its  original  level,  and  now  exhibits  on 
every  hand  heaps  of  broken  pottery,  quantities  of  human  bones,  and 
fragments  of  various  articles  of  use,  sport,  and  ornament.  Tbe  fiesbet 
of  1840  was  tbe  first,  so  far  as  we  can  learn,  which  in  A  marked  manner 
invaded  tbe  precincts  of  this  ancient  burial  ground.  Upon  the  sobsi- 
dence  of  the  waters  many  were  attracted  to  the  spot  by  the  mnltitade 
of  terra-cotta  vessels,  human  bones,  shell-beads,  pipes,  discoidal  stones, 
grooved  axes,  celts,  and  other  objects  of  primitive  manufacture.  One 
gentleman  collected  nearly  a  quart  of  pearls  which  had  t>een  perforated 
and  worn  as  beads.  Tbe  plantation  negroes  supplied  themselves  with 
clay  pipes  then  unearthed.  In  tbe  possession  of  not  a  few  of  them  were 
seen  strong  clay  vessels,  thence  obtained,  which  tbey  used  for  boiling 
soap.  Large  calumets  and  other  objects  of  special  interest  were  secured 
by  tbe  curions  and  carried  to  their  homes,  where,  for  a  season,  tbey 
formed  matter  for  speculation  and  idle  talk,  and  in  the  end  were  either 
lost  or  broken.  Subsequent  innndationa  bave  brought  to  light  eimilar 
proofs  of  sepnlture  and  early  manufacture,  but  this  treasure-boaee  has 
been  so  often  visited  and  so  carefully  searched  that  its  present  yield 
foils  far  short  of  tbat  which  was  encountered  when  the  Harrison  tresbet 
invaded  this  place  of  the  dead. 

It  is  a  sad  fact  that  the  denudation  of  the  banks  of  these  southern 
streams  and  the  destruction  of  extensive  forests  in  reducing  wild  lands 
to  a  state  of  cnltivation  have  proved  the  proximate  caases  of  eeriooa  in- 
jury to,  and  often  of  the  total  demolition  of,  many  prominent  and  inter- 
esting atwriginal  structures. 

On  the  right  bank  of  the  Oconee  Biver,  about  a  mile  and  a  half  above 
its  conlluence  with  tbe  Appalacbee  Itiver,  situated  in  the  low  grounds 
of  the  plantation  of  Mri  Thomas  P.  Saflbld,  Is  a  circular  earth  mound 
some  20  feet  high,  covering  about  the  eighth  of  an  acre.  Tbe  sides  are 
sloping,  as  in  tbe  case  of  other  conical  mounds  along  the  line  of  this 
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river,  bat  the  pecaliarity  vhioh  distiDgauiheB  it  from  its  companions  is 
tbat  aronnd  the  apex  stoat  earth  walls  were  raised  to  the  height  of  sev* 
eral  feet,  Uids  oausiag  a  depressed  or  gnarded  top. 

Kear  tiie  banks  oftiie  Appalaeboe  Biver,  in  Morgan  Goanty,  may  still 
be  seen  oooasional  artificial  pits,  some  4  feet  in  depth  and  6  feet  or  more 
in  diameter.  Upon  removing  the  dSbrit  of  leaves  and  earth  with  which 
ibey  are  filled,  their  bottoms  and  sides  indicate  the  inflnence  of  long- 
coutinaed  and  intense  fires.  Fragments  of  pottery  also  oconr  in  them. 
It  wonld  seem  that  they  constitated  a  sort  of  rnde  oven  in  which  the 
Indians  baked  their  clny  vessels. 

We  might  multiply  Instances  of  tumall  still  extant  in  the  valleys  of 
the  Ooonee  and  its  tributaries,  but  having  already  described  and  figared 
those  io  Sast  Macon  and  its  vicinity,*  enough  has  probably  been  said 
to  ooDTey  an  intelligent  idea  of  the  aboriginal  monuments  of  this  sec- 
tion. 
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Bv  W.  B.  F.  Bin.Er,  o/  Gri^n,  Ga. 

About  three  mites  west  of  Oriffln,  in  a  field  known  to  the  inhabitants 
of  thifi  vicinity  by  the  name  of  Walnut  Level,  is,  fWim  present  appear* 
ancee,  a  plaoe  where  once  a  thrifty  Indian  village  was  situated ;  but 
whether  inhabited  by  the  Creek  Indians  or  by  the  more  ancient  monnd- 
boUders  Is  nnknown.  This  field  contains,  in  one  place,  a  perfectly  level 
plain  of  four  or  five  acres,  which,  when  first  cleared,  was  a  walont 
grove,  in  which  the  Indian  villi^e  was  eitnated.  East  of  the  village, 
and  not  more  than  100  yards  distant,  runs  a  beautiful  little  stream,  now 
known  as  "  Wilson's  Mill  Ureek."  This  stream  and  the  fertility  of  the 
land  no  donbt  attracted  the  people  of  this  ancient  village.  With  the 
exception  of  broken  pottery  and  a  few  arrow-heads,  no  relies  are  left  to 
mark  this  spot;  though  I  am  told  by  Qte  old  inhabitants  tbat  when  the 
field  was  first  cleared  they  wonld  plow  np  nrns  of  a  curious  shape,  bat 
not  deeming  them  of  any  importance  left  them  on  the  ground;  and 
nothing  now  remaias  bot  a  vast  quantity  of  broken  fragments.  Of  this 
pottery  there  are  thousands  of  pieces,  ranging  in  size  (mm  that  of  a 
silver  dime  to  pieces  as  large  as  one's  band.  I  have  no  doubt  but  that 
a  man  could  gather  five  or  six  bushels  of  fragments  in  one  day.  This 
pottery  is  of  two  different  styles  of  workmanship,  one  being  plain  and 
the  other  carved  in  the  "cord  fashion."  These  relics  ar»  fast  dis- 
appeariBg,  and  in  a  few  more  years  scarcely  anything  will  remain 
except  a  f^w  arrow-heads.  One  mile  east  of  this  is  a  small  lake,  about 
a  quwter  of  a  mile  in  length  and  30  feet  wide,  with  an  average  depth 
of  4  feet.  On  the  banks  of  this  lake  and  In  the  snrronndlng  fidds  a 
great  number  of  arrow-heads  are  scattered  aronnd.    The  water  in  tbe 
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lake  is  faat  failing,  baving  Bunk  aboat  4  feet  in  Uie  last  tea  years,  and 
ere  long  it,  too,  will  be  onmbered  with  things  of  the  past. 

Judging  from  the  allavial  deposits  on  its  banks,  this  was,  at  the  time 
when  this  Indian  village  flonrished,  a  great  lake  for  this  part  of  Georgia. 
Fiah  of  all  species  common  to  the  coontry  ore  found  in  great  abandonee 
bere.  From  the  number  of  relics  found  and  the  great  quantity  of  fish 
at  present  in  the  lake,  1  have  no  doubt  that  this  place  was  once  their 
favorite  banting  ground.  About  midway  between  the  lake  and  village 
was  an  earth-work.  I  only  bear  tbia  fixim  others,  as  it  was  plowed  down 
level  with  the  ground  long  before  I  was  bom.  People  who  have  seeo  it 
say  that  it  resembled  the  breastworks  of  the  present  day ;  that  it  was 
circular  in  form,  inclosing  about  two  acres,  with  a  base  8  or  10  feet  wide, 
4  or  5  feet  wide  on  the  top,  and  an  average  height  of  18  inches.  They 
supposed,  and  some  still  think,  that  it  was  made  by  De  Soto,  and  that 
be  bad  a  fight  with  the  Indians  here ;  others  think  that  it  was  made 
during  tbe  Bevolutionary  war,  while  I  attribute  the  work  to  a  more 
ancient  age,  namely,  t  he  "  mound-builders."  If  this  work  was  really 
done  by  tbe  "mound-builders"  (and  there  can  be  no  donbt  of  it),  it  is  the 
only  trace  left  behind  them  in  this  vicinity.  The  idea  that  De  Soto  or 
any  other  man  had  a  fight  with  the  Indians  at  this  place  is,  to  say  the 
least,  absurd,  for  there  are  uo  implements  of  war  found  here  other  than 
the  arrows  used  in  hunting,  whereas  if  a  fight  had  taken  place  betveen 
De  Soto  and  tbe  Indians,  some  kind  of  war  implements  would  have  been 
found. 


BUELL-HEAPS  ON  HOBILB  BIVBK. 

Dv  A.  S.  Oaikeb  and  K.  M.  Cunninghau,  of  MMk,  Ala. 

The  Smithsonian  Institution  has  received  a  very  valuable  collection 
of  shell-heap  relics  from  Simpson  Island,  at  tbe  mouth  of  Mobile  Biver. 
They  were  sent  by  Mr.  A.  L.  Gaines,  land  commissioner  of  the  Mobile 
and  Ohio  Bailroad,  who  gives  tbe  chief  credit  for  their  discovery  and 
traosmiasion  to  Mr.  K.  M.  Onuniugbam,  from  whom  the  Institution  has 
received  several  communications,  accompanied  by  sketches  of  the  sjteci- 
mens. 

These  shell-heaps  are  very  nomeroua  on  tbe  banks  of  the  Mobile 
Biver  at  its  month,  especially  upon  Simpson  Island,  which  forms  tbe 
delta  between  the  month  of  the  Mobile  and  that  of  the  Tensaa.  Many 
of  them  are  the  sites  of  market'gardeos,  and  the  shells  tcom.  those  most 
accessible  to  the  water  have  been  atilized  in  paving  the  stock-yards  of 
tbe  railroads,  and  tbe  grounds  around  tbe  cotton  warehouses  in  Mobile. 
The  one  Irom  which  the  relics  in  question  were  recovered  is  about  19 
miles  above  Mobile,  on  the  land  of  the  Mobile  and  Ohio  Baibx>ad,  and 
200  feet  from  tbe  water's  edge.    The  heaps  are  composed  almost  entirely 
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of  clamahella,  altltongh  a  few  specimens  of  Area  incotigrua,  Neritinaf 
if^nia,  and  JWw  oirtereut  are  met  with. 

Haman  remains  have  been  foDud  in  great  abondance  even  upon  the 
sar&ce.  Mr.  Cnnniagbam  reports  the  discovery  of  portions  of  foarteen 
skeletons.  Of  the  perfect  crania  fonod,  one  was  very  mnch  distorted, 
the  other  was  slightly  Sattened  on  one  side.  Bone  implements  were 
also  recovered,  sharpened  ot  the  end  like  a  toothpick.  But  the  most 
iDtereBting  part  of  the  colleotion  is  the  pottery,  thonsands  of  fragments 
having  been  recovered  on  this  single  occasion.  Five  entiro  vessels 
were  saved,  and  fragments  of  one  or  two  others  which  can  be  repaired. 
Of  the  entire  vessels,  No.  1, 18  inches  wide  and  14  inches  deep,  is  com- 
posed of  coarse  material,  shells  and  clay,  brown  ontside  and  red  inside. 
In  shape  it  is  an  inverted  conoid,  with  perpendicular  rim.  There  is  no 
ornamentation  excepting  a  line  drawn  aronod  the  base  of  the  neck.  It 
contained  human  remains,  and  wben  fonnd  was  covered  by  a  flat  dish 
in  the  same  manner  as  the  burial  jars  of  Nicaragua.  No.  2  is  a  flat  in- 
verted conoid,  7^  inches  deep  and  18  inches  in  diameter,  angnlar  at  the 
widest  part,  and  with  perpendicular  rim.  The  portion  from  the  bulge 
to  the  neck  is  elaborately  ornamented  with  sigmoid  lines  and  dots,  at 
intervals  interrupted  by  flgares  which  resemble  a  pair  of  hands  or  f^et. 
This  is  a  rery  nniqne  specimen  in  smoothness  and  oroamentatioD.  Sev- 
eral of  the  broken  jars  were  similarly  ornamented.  No.  3  is  similar  in 
shape  and  ornamentation  to  No.  2,  3  inches  deep  and  6  inches  wide. 
The  rim  was  formerly  fnmisbed  with  knobs  or  handles.  No.  4  is  a  plain, 
round- bottomed  cap,  3}  inches  deep  and  4  inches  in  diameter.  No.  5 
resembles  ia  shape  an  ordinary  dinner  pot,  6  inches  deep  and  6  inches 
in  diameter.  It  is  to  l>e  hoped  that  farther  researcfaes  will  be  made  in 
this  interesting  locality. 


IHK  STOCE-IS-TBADE  OF  AK  ABORIGINAL  LAPIDARY. 

(HiwiHippL) 

Bt  Charles  Rau. 

In  an  essay  entitled  "Ancient  Aboriginal  Trade  in  North  America," 
which  was  published  in  the  Smithsonian  Report  for  the  year  1873, 1 
attempted  to  trace. the  beginning  of  a  division  of  labor  among  the 
former  inhabitants  of  this  country.  I  expressed  the  opinion  that  certain 
individnale,  who  were,  by  inclination  or  practice,  particularly  qnaliBed 
for  a  distinct;  bind  of  manual  tabor,  devoted  themselves  principally  or 
entirely  to  that  labor,  baaing  my  conjecture  on  the  occurrence  of  manu- 
factured articles  of  bomogeneons  character  in  monnds  or  in  deposits 
below  the  surface  of  the  soil  There  ia  tittle  doubt,  for  instance, 
that  there  were  persona  who  devoted  their  time  cbiefly  to  the  manufact- 
ure of  stone  arrow-heads  and  of  other  articles  produced  by  chipping, 
among  which  may  be  mentioned  those  remarkable  large  digging  tools 
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described  by  me  several  years  ago,*  and  the  oval  or  leaf-shaped  imple- 
meuts  made  of  the  {>ecnliar  horntf ooe  of  "  Flint  Bidge,"  in  Ohio.  These 
latter,  which  bear  mach  resemblance  to  certain  palteolithie  types  of 
Enrope,  were  first  noticed  by  Mr.  E.  O.  Sqnier,  who  fonnd,  many  years 
ago,  a  large  deposit  of  them  in  a  low  monud  of  *'01ark'B  Work,"  In  Boss 
Gonoty,  Obio.  An  ezcavatlou,  six  feet  long  and  fonr  feet  wide,  disclosed 
about  Bix  hundred  specimens,  which  were  staDdiag  edgewise,  fonuiog 
two  layers,  one  immediately  above  the  other.  The  deposit  extended 
beyond  the  limits  of  tbe  excavation  on  every  side,  and  henoe  the  actnal 
number  of  specimens  has  not  become  known.f  Since  that  time  deposits 
composed  of  objects  of  corresponding  shapes  and  of  the  same  mftterial 
have  been  discovered,  generally  under  the  gronnd,  in  Illinois,  Wiscon- 
sin, and  Eentncky ;  but  the  area  of  tbeir  distribatioa  may  be  maoh 
greater.  Br.  J.  F.  Snyder  has  described  the  Illinois  deposits  in  the 
Smithsonian  Report  for  1876.}  That  of  Beardstown,  in  Cass  County, 
is  of  special  interest.  It  contained  aboat  fifteen  hundred  leaf-shaped  or 
ronnd  implements,  arranged  in  five  horiaontai  layers,  whidi  were  sepa- 
rated by  thin  strata  of  clay.  According  to  Dr.  Snyder,  another  depotut, 
said  to  have  consisted  of  three  thonsand  five  hundred  specimens,  was 
discovered  in  Fredericksville,  Schnyler  County,  in  tbe  same  Slwte. 
Smaller  subterranean  deposits  of  flint  arrow-beads,  cutters,  &c.,  have 
been  met  with  in  various  States  in  the  eastern  half  of  this  coDtineDt, 
tbe  articles  showing  in  many  cases  no  traces  of  nse  whatever,  and  gen- 
erally exhibiting  ac^mmetrical  order  in  their  arrangemeBt.  Saoh  fants 
natnrally  lead  to  the  sappoeition  that  flint-ohipping  forued  a  special 
profession,  and,  furthermore,  that  the  objects  fonnd  in  these  hiding- 
places,  or  *<  caches  ",  constitnted  the  magazines  of  the  aboriginal  ctdita- 
men.  The  deposit  of  Clark's  Work,  it  should  be  stated,  has  bem  thought 
to  owe  its  occurrence  in  a  monud  of  peonliar  strnctnre  to  snperstitioas 
or  religions  motives,  and  thus  to  partake  of  a  sacrificial  charact«r. 
This  view,  however,  whether  correct  or  not,  has  no  bearing  on  the  jtoint 
in  question,  namely,  tbe  production  of  the  chipped  articles  by  way  of 
trade. 

The  carved  stone  pipes,  representing  imitations  of  the  human  bead, 
of  qnadrnpeds,  birds,  &c,  which  were  found  in  great  nomber  by  Messrs. 
Sqnier  and  Davis  in  a  mound  of  the  groap  called  "  Mound  City,"  not 
far  from  Chillicothe,  Ohio,  illustrate  the  highest  dev^opment  of  early 
aboriginal  art  in  tbia  oonntry.^  Tbeir  prodncClon  required  much  skill 
and  patient  endurance,  and  hence  we  may  infer  that  the  manafactnre  of 
stone  pipes  formed  in  past  times  a  branch  of  industry  which  was  chiefly 
carried  on  by  persons  who  possessed  an  extraordinary  talent  toe  tbiet 

*  A  Deposit  of  Agiicultnral  FUotIm piemen U  In  SoatUern  lUinola,  Smithsonina  Report 
toz  1668,  p.  401. 

tSqalerandDftris:  AooientUoDnoiaDtaof  tbeUiiuni[i]iiTaJle7,  WMlikigtaii,ltM6, 
p.  158 ;  lepreientatlooa  of  the  objwta  on  p.  314. 

1  Deposits  of  Fliut  Implements,  p.  433. 

i  AucieDt  MoDumenIs,  ic,  p.  242,  &e.  ("^  •*  »  tI,? 
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pecnliar  kind  of  work.  There  are  to  tliis  day  pi[>e-makerB  among  the 
Ojibway  Indians,  and  probably  among  other  tribes. 

In  coiToboratioD  of  the  foregoing,  I  Inay  state  that  certain  handicrafts 
irere  practised  to  some  extent  by  the  Kortli  American  Indians  at  the 
time  of  their  first  interconrse  with  the  whites.  "  They  have  eome,^  says 
Roger  Williams,  "vbo  follow  onely  making  of  Bowes,  some  Arrowes,  some 
Dishes  (and  the  women  make  all  their  Earthen  Vessells),  some  follow  flsh' 
ing,  some  hnnting :  most  on  the  Sea  side  make  Money,  and  Store  up  shells 
in  Sommer  against  Winter  whereof  to  make  their  money."  *  These  re- 
marks, of  conrse,  relate  to  the  Kew  England  tribes,  with  whom  Boger 
Williams  nsed  to  associate ;  bnt  a  later  writer,  Lawson,  gives  a  similar 
account  of  the  Southern  Indian»,  among  whom  labor  was  donbtlesa  still 
m(x%  systematized,  considering  that  they  bad  attained  a  somewhat 
higher  degree  of  ciTilization  than  their  Northern  kinsmen.  It  is  known 
that  antil  within  late  years  the  mannfactare  of  arrow-heads  was  prac- 
tised as  a  profession  by  certain  individuals  among  several  Indian  tribes. 

I  will  DOW  proceed  to  describe  a  deposit  of  aboriginal  manofactares, 
which  illustrates  the  subject  of  division  of  tabor  among  the  earlier  in- 
habitants of  this  country  better  than  any  other  discovery  of  kindred 
charaetw  with  which  I  have  become  acquainted. 

In  the  spring  of  1876,  Mr.  T.  J.  B.  Keenan,  of  Brookhaven,  Lincoln 
Connty,  Mis^ssippi,  presented  to  the  National  Museum  a  collection  of 
jasper  ornaments,  mostly  unfinished,  wbioh  had  been  found  in  Lawrence 
Connty,  in  the  same  State,  forming  a  deposit  of  a  very  remarkable 
Character,  Being  desirous  of  learning  the  particulars  of  this  discovery, 
I  addressed  a  letter  to  Mr.  Keenan,  and  obtained  from  bim  the  desired 
information.  The  deposit  was  accidentally  discovered  on  the  farm  of 
Anthony  Hntcblns,  situated  on  the  east  side  of  Silver  Creek,  about  one 
mile  distant  from  Hebron  church,  in  the  northeastern  part  of  the  above- 
named  county.  While  Mr.  Hnchins's  eon  was  engaged  one  day  in  Jnly, 
1875,  in  ploughing  a  cotton-field,  entirely  free  from  pebbles  and  stones  of 
any  bind,  a  grating  of  the  ploughshare  attracted  his  attention,  and  upon 
examination  he  found  that  be  had  struck  the  deposit,  whieb  appeared 
originally  to  have  been  buried  two  feet  and  a  half  below  the  surface, 
filling  an  excavation  of  about  eighteen  inches  in  diameter.  The 
anangemeut  of  the  articles  cooatitnting  this  deposit  wilt  be  described 
hereafter.  They  all  consist  of  jasper  of  a  red  or  reddish  color,  which  is 
sometimes  variegated  with  spots  or  streaks  of  a  i>ale  yellow.  But  few 
of  these  objects,  which  were  undoubtedly  designed  for  ornament,  may 
be  considered  as  entirely  finished. 

The  following  is  an  inventory  of  the  specimens  sent  to  the  ITational 
Muaeam  by  Mr.  Keenan : 

1.  Twenty-two  pebbles  of  jasper,  showing  no  work  whatever.  They 
are  irregular  in  sbape  and  mostly  small,  being  from  half  an  Inch  to  an 
mch  and  one-fourth  in  size. 

*  A  Kej  into  th«LsDKi)ageof  Americft  (LoDdon,  1643);  ProvidoDCe,  1827:.p.  133, 
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3.  Twelve  radimentAry  ornaments  of  different  forms,  broaght  into 
sbape  by  chippiag. 

3.  Tbree  polisbed  pieces  vith  oanow  grooves,  showing  that  catting 
was  also  resorted  to  in  the  mano&ctare  of  the  objects. 

4.  Tvo  boodred  and  ninety-five  beads  of  more  or  less  elongated  cylin- 
drical sbape,  measuring  from  one-fonrth  of  an  inch  to  three  inches  in 
length,  and  from  one-fonrth  of  an  inch  to  one  inch  in  thickness. 
Though  they  are  polished,  tbey  exhibit  bnt  rarely  a  perfectly  regnlar 
cylinder  form.  Ten  of  them  show  the  begiunings  of  holes,  in  most  cases 
at  one  end. 

5.  One  hundred  and  one  ronnd  beads  of  a  more  compressed  or  dis- 
coidal  sbape.  Tbey  are  firom  one-eighth  to  five-eighths  of  on  inch  long, 
while  their  diameters  vary  from  one-fonrth  to  three-foortbs  of  an  inch. 
They  are  polisbed,  and  only  five  of  the  nnmber  exhibit  incipient  holes. 

C.  Kine  polisbed  ornaments  of  elongated  flattish  shape,  showing  an 
expansion  on  each  side  (like  Fig.  10).  They  measore  from  an  inch  and 
one-fonrth  to  two  inches  and  one-fonrth  in  length,  and  from  Ihree- 
foarths  of  an  inch  to  an  inch  and  one-foarth  in  width  across  the  middle. 
One  specimen  is  partly  drilled. 

7.  Two  specimens  of  similar  character,  but  expanding  on  one  side 
only  (Fig.  11).  Tbey  are  from  an  inch  and  a  half  to  two  inches  in 
length  and  seven-eighths  of  an  inch  wide  across  the  middle. 

S.  One  large  ornament  showing  two  expansions  on  each  side  (Fig.  12). 
A  more  minute  description  will  follow. 

9.  Two  small  animal-shaped  objects.  They  are  abont  an  inch  long 
and  well  polished. 

10.  Two  semicircalar  polished  pieces,  probably  designed  to  be  worked 
into  the  shapes  of  animals. 

There  are  four  hundred  and  forty-nine  pieces  in  all.  Mr.  Keenan  has 
kept  for  himself  sixteen  specimens,  and  foar  had  been  disposed  of  bo- 
fore  be  became  the  owner  of  the  collection.  One  of  the  latter  was  drilled 
entirely  throogh.  Hence  the  entire  dejiosit  consisted  of  four  hundred 
and  sixty-nine  objects. 

From  the  character  of  the  inventorj'  just  given  several  inferences  may 
be  drawn. 

There  can  hardly  be  any  donbt  that  the  deposit  constituted  the  stock- 
in-trade  of  some  aboriginal  mannfactnrer  of  ornaments  of  jasper,  which 
he  made  from  pebbles  of  that  material.*  He  shaped  them  by  the  oper- 
ation of  chipping  before  be  proceeded  to  grinding,  and  he  likewise  ap- 
plied the  method  of  cutting  in  the  manufacture  of  the  articles.  The  cat- 
ting, however,  was  done  after  the  piece  had  been  reduced  to  a  certain 
shape  by  grinding.  The  drilling  of  the  beads  and  bead-like  ornaments 
was  the  final  process  in  their  fabrication.    This  fact  affords  an  additional 

'According  to  Mr.  Eeeaan'a  e^ipreas  statoiDtiDt,  uu  jasper  pebbles  occur  ia  the  oeigb- 
borbood  of  the  place  n-hero  tbo  omameotB  were  entombed.  Tbe;  iQDBt  bave  be«o 
lirougbt  from  a  distance. 
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proof  tbat  ia  tbis  coaotry  stone  objects  reqairing  peiforatious  were 
broagbt  ioto  perfect  shape  before  tbe  drilling  was  commenced.  The 
same  rule  prevailed  in  Europe,  as  every  one  knows  who  has  stndied 
tbe  stone  aotiqaities  of  that  part  of  the  world. 


iMippI  ({). 


The  accompanying  illastiations  represent,  in  full  size,  typical  speci- 
mens of  the  different  clitsses  of  wroagbt  articles  composing  the  deposit. 

Fig.  1. — A  jasper  pebble,  chipped  into  the  form  of  a  cylindrical  bead. 
Tbe  smooth  surface  of  the  pebble  has  not  entirely  disappeared. 

Fig.  2. — A  long,  comparatively  slender  piece,  designed  for  a  bead.    It  - 
shows  the  chipping  very  distinctly,  though  tbe  sbarp  edges  have  been 
removed  by  grinding. 


by  Google 
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Fig.  3. — PoliBbed  cyliodrical*  bead  (nndrilled). 

Fig.  4 — Very  regular  and  well  polisbed  cylindrical  bead  of  a  fiue  red 
color  (undrilled). 

Fig.  5. — Long  and  slender  bead,  apparently  not  entirely  ground  ioto 
sbape  (UDdrilled). 

Fig.  C. — Large  cylindrical  bead,  wliicb  exhibits  a  ratber  rongb  sar- 
face,  tbe  traces  of  cbippiog  not  baving  been  entirely  removed  by  tbe 
grinding  process  (nndrilled). 

Fig.  7. — Small  cylindrical  bead,  polished,  but  not  regular  iu  shape, 
and  showing  at  one  end  tbe  begiuning  of  a  hole,  which  forma  a  cylin- 
drical cavity  nearly  three  millimeters  in  diameter  and  two  millimeters 
in  depth. 

Fig.  8. — Polished  bead  of  discoidal  shape,  with  incipient  holes  at  both 
ends.  One  of  the  boles  is  merely  indicated  by  a  small  depression ;  tbe 
other  forms  a  cap-like  cavity  of  two  and  a  half  millimeters  diameter  and 
two  millimeters  depth. 

Fig.  9. — Ornament  of  elongated  flattish  shape,  with  an  expansion  on 
each  side.  It  is  uufluisbed,  having  been  brought  into  sbape  by  chip- 
ping alone. 

Fig.  10.— Object  of  the  same  form  ;  well  polished,  bat  not  absolutely 
regular  in  outline.  There  can  be  no  doubt  tbat  tbe  oroaments  of  this  de- 
scription were  intended  to  be  drilled  in  tbe  direction  of  tbe  longitadinal 
axis.  A  broken  specimen  of  the  collection  shows  the  commeucementB 
of  holes  at  both  estremities. 

Fig.  11. — Polished  ornament  of  similar  character,  exhibiting  an  ex- 
pansion or  projection  only  on  one  side  (undrilled). 

Fig.  12. — Large  polished  ornament  of  elongated  flattish  form,  with 
two  expansions  on  each  side.  The  object  is  irregular  in  outline,  tbe  ex- 
pansions being  larger  at  one  extremity  than  at  tbe  other.  It  is  three- 
fourths  of  an  inch  thick  iu  tbe  middle.  A  longitudinal  perforation  was 
doubtless  intended. 

Fig.  13.— A  small,  flattisb,  bird-shaped  object,  made  of  beautiful 
cherry-red  jasper,  aud  well  polished.  The  wings  are  indicated  on  both 
sides  by  slight  grooves. 

Fig.  14. — A  similar  polished  object  of  dark-red  jasper,  in  which  the 
bird  form  is  less  distinctly  expressed.  Indeed,  tbe  maker  may  have  pur- 
tiosed  to  represent  some  quadruped.  It  would  be  unprofitable  to  spec- 
ulate on  the  use  of  these  two  carvings.  They  probably  were  merely  toys, 
though  it  ia  not  impossible  tbat  they  had  a  totemic  significance,  or  were 
designed  to  serve  as  charms.  They  could  not  well  be  worn  about  tbe 
person,  aud  I  doubt  whether  it  was  intended  to  perforate  them. 

Pig.  15. — A  polisbed  eemlcircnlar  piece,  perhaps  desigued  to  be 
worked  into  the  sbape  of  a  bird ;  its  size  is  exactly  the  same  as  that  of 
the  original  of  Fig.  13. 

*  Id  tliis  degcrlptjon  of  ornaments  tbe  tern  "  cf  Hndrical "  mn ^t  not  ba  taken  in  « 
matheniatical  seoBe,  aa  I  merel;  iDtend  to  indicate  bf  it  an  approximate  lesemUutCft 
toacylinder.  GoO^jlc 
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Vig.  16. — A  polisbed  piece,  of  a  compressed  oval  sbape,  sbowiog  two 
parallel  incisions  in  the  direction  of  the  minor  axis.  They  were  evidently 
made  with  a  sharp  flint  tool.  It  is  probable  that  this  specimen  illus- 
trates a  stage  in  the  manufacture  of  a  small  aoimal-sbaped  trinket,  like 
those  already  described,  the  piece  being  almost  too  flat  to  be  made  into 
a..^ad  of  cylindrical  form. 

9  a 

10 


13 


JupCT  urnaniRila  from  Utula^ppl  <)). 

It  now  remains  to  be  stated  in  what  manner  the  objects  forming  the 
deposit  were  arranged.  The  large  piece,  represented  by  Fig.  12,  lay  flat 
on  the  bottom  of  the  hole ;  the  long  and  massive  cylindrical  beads  were 


298  STOCE-IN-TKABE  OF  AN  ABORIGINAL  LAPIDABT. 

placed  on  eDd,  on  and  aronnd  it,  as  closely  aa  possible,  and  tbe  jgnidler 
objects  were  spread  over  them  Id  a  rather  promisonoas  vay. 

The  owner  of  the  articles  liere  described,  we  may  suppose,  had  no  in- 
tention of  leaving  them  baried  in  the  ground ;  be  would  some  day  have 
recovered  them,  had  circamatances  permitted.  Death,  captivity,  or  re- 
moval to  another  part  of  the  con  ntry,  from  which  be  never  returned,  may 
have  frustrated  bis  design.  The  deposit  in  question  aUared  tbe  fate  of 
many  others  which  bare  been  preserved  to  our  time,  in  order  to  add, 
as  it  were,  to  our  knowledge  of  the  former  occupants  of  this  country. 

It  would  be  a  vain  endeavor  to  offer  any  conjecture  as  to  the  age 
of  the  deposit.  The  objects  appear  absolutely  fresh,  not  showing  the 
slightest  alteration  of  the  surface.  Jasper,  however,  is  a  very  hard  sub- 
stance, capable  of  resisting  the  influences  of  exposure  for  ages.  On  the 
other  hand,  there  is  nothing  that  wonid  militateagainsta  comparatively 
recent,  though  pre-Columbian,  origin  of  the  deposit. 

It  must  have  been  a  very  difficult  task  to  work  a  stone  as  hard  as 
jasper  without  the  proper  appliances,  and  we  cannot  but  admire  the 
skill,  and,  above  all,  the  patience  of  tbe  artist  or  artists  who  fashioned 
the  ornaments  from  sncb  an  obdurate  material.  Yet  it  is  known  that 
even  at  tbe  present  time  mineral  substances  of  equal  hardness  are 
shaped  and  perforated  in  the  most  primitive  manner  by  tribes  occupy- 
ing a  very  low  position  in  other  respects.  The  execution  of  such  work 
is  but  a  trial  of  eadnrancn,  a  quality  displayed  in  an  eminent  degree  by 
uncivilized  man  when  his  mind  is  bent  upon  a  definite  parimse. 


OBSEBTATIOXS  OX  i  GOLD  OBiriHE.YT  FSOM  i  MOl'XD  IX  FLOBIDA. 

B;  CUARLES  E&D. 

In  December,  1877,  Mr.  Damon  Oreenleaf,  of  Jacksonville,  Florida,  sent 
for  examination  to  tbe  iN'atioual  Musenm  a  curious  relic  of  gold,  lately 
discovered  in  a  mound  in  Manatee  County,  Southern  Florida,  with  a 
request  for  information  as  to  its  probable  origin  and  use. 

The  accompanying  illustration  represents  the  object  in  question  re- 
duced to  one-balf  of  its  natural  size,  the  original  measuring  exactly  nine 
inches  from  tbe  point  to  the  middle  of  tbe  oitposite  curve.  It  is  cut  from 
a  flat  piece  of  gold  plate,  not  quite  a  millimeter  in  thickness,  and  some- 
what thinner  toward  the  edge.  Tbe  specimen  is  broken  in  two  pieces, 
as  indicated  by  the  dotted  line  in  the  figure;  but  the  two  parts  fit  well 
together,  and  thus  the  original  character  of  the  object  remains  unal- 
tered. Ou  tbe  whole,  it  is  in  a  good  state  of  preservation,  though  tbe 
effects  of  long  exposure  are  plainly  visible.  Both  fixces  appear  bright 
and  smooth,  and  the  engraved  lines,  which  represent  exactly  tbe  same 
pattern  on  both  sides,  seem  to  be  as  fresh  as  on  tbe  day  when  they 
were  traced. 

Little  need  be  said  concerniug  the  shape  of  the  ornament,  considering 
that  all  its  features  are  distinctly  expressed  in  tbe  cut.    The  maker 
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evidently  intended  to  represeot  a  bird's  bead,  the  nock  of  wbich  forms 
a  blade-like  prolongation,  and  the  grotesqne  ezecntion  clearly  illostratea 


Gold  onuuneiit  from  a  moond  in  Florida,  aod  beadof  tbeivory-biUed  woodpecker.  ({). 
the  cnrioas  taste  cbaracterizlQg  the  ornamental  \Tork  of  tbe  !Nortb 
American  Indian.  It  never  would  occar  t{i  a  person  of  Caocasian  origin 
to  represent  a  bird's  head  in  the  pecaliar  manner  here  exbibited.  The 
eye  of  tbe  bird,  it  should  be  stated,  has  been  formed  with  great  rega- 
larity  by  tbe  process  of  punching  from  tbe  under  side,  and  iierfectly 
resembles  in  size  and  convexity  the  bead  of  a  common  brass  tack. 
However  clumsy  the  design  of  tbe  object  may  appear  to  a  common 
observer,  the  ornithologists  of  the  National  Museum  hare  discovered 
the  prototype  that  was  before  the  aboriginal  artist's  mind.  The  trun- 
cated bill  and  recorved  crest  leave  no  doubt  that  he  intended  to  repre- 
sent the  ivory-billed  woodpecker  (Pkua  principalis,  Linn. ;  Campephilus 
prindpalU,  Gray),  a  bird  quite  frequent  in  Southern  Florida,  but  not 
found  at  any  great  distance  from  tbe  Gulf  of  Mexico.  To  facilitate 
comparisoD,  a  half-size  sketch  of  the  head  of  the  ivory-billed  wood- 
pecker is  placed  in  juxtaposition  with  the  cut  representing  the  aborig- 
inal relic. 

Tbe  compositioD  of  the  gold  plate  from  which  tbe  specimen  is  made 
indicates  its  post-Col  nmbtau  origin.  Having  been  forwarded,  through 
tbe  courtesy  of  Mr.  E.  B.  Elliott,  chief  clerk  of  the  Bureau  of  Statistics, 
to  the  Mint  at  Fhiladelpbia,  for  the  purpose  of  ascertaining  its  weight 
and  composition  or  fineness,  it  was  found  to  weigh  1.53  ounces  (troy), 
and  to  coDsist  exclusively  of  gold  and  silver,  in  the  proi>ortion  of  893 
parts  of  gold  to  107  parts  of  silver.  Consequently,  the  amount  of  gold 
therein  contained  is  1.3GG  ounces,  and  of  silver  0.161  ounce  (troy). 
Tbe  metal  valne  of  the  relic  is  twenty-eight  dollars  and  forty-five  cents. 
According  to  Mr.  Elliott's  statement,  its  composition  corresponds  almost 
exactly  with  that  of  the  "  ounce"  of  gold  or  quadruple  of  Spain  bearing 
the  date  of  1772;  and  thia  circnmstance  is  not  without  significance,  in 
80  far  as  it  seems  to  point  to  the  source  from  which  tbe  material  of  tbe 
figure  was  derived.    It  may  have  been  given  by  Spaniards  to  some 
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Iiidiao,  wbo  faebioned  it,  according  to  his  taste,  to  serve  as  a  totemio 
emblem  or  ornament,  perhaps  designed  to  form  a  part  of  the  head- 
dress ;  for,  thongb  a  small  elongated  apertore  is  formed  by  the  inner 
carve  of  tbe  bird's  neck,  I  hardly  deem  it  likely  that  the  object  was 
intended  for  snspension.  The  Florida  Indians,  it  is  well  known,  paid 
particnlar  attention  to  the  decoration  of  their  heads,  aod  hence  it  is 
not  an  improbable  conjecture  that  it  once  embellished  the  crown  of 
some  chief  or  brave  while  living,  and  was  afterward  placed  in  his  grave, 
in  accordance  with  aboriginal  cnstom. 

Whether  tbe  figure  Was  brought  into  shape  by  hammering  a  large 
gold  coin  or  a  bar  of  gold,  or  was  made  &om  a  piece  of  sheet  gold,  can- 
not now  be  decided.  The  surfaces  certainly  look  as  tbongb  they  bad 
undergone  the  process  of  beating ;  but  it  is  just  as  likely  that  tbe  orna- 
ment was  made  trom  a  piece  of  gold  plate  furnished  by  whites.  That 
tbe  Indians  were  skillfal  in  working  metal  in  a  cold  state  is  sbown  by 
the  implements  and  ornaments  of  copper  foaud  io  varions  parts  of  the 
UDited  States,  more  especially  in  the  neighborhood  of  Lake  Saperior, 
where  their  supplies  of  native  copper  were  chiefly  obtained.  Even 
modern  Indians  practise  the  art  of  working  silver  dollars,  beating  and 
cutting  them  into  tasteful  gorgets,  ear-rings,  and  other  objects  of  per- 
sonal adommont.  On  tbe  other  band,  there  is  no  ground  whatever 
for  supposing  that  the  Indians  north  of  Mexico  possessed  tbe  skill  of 
casting  gold,  and  far  less  of  producing  an  alloy  like  that  of  which  the 
Florida  ornament  is  composed. 

While  I  am  of  opinion  that  tbe  material  of  tbe  relic  was  obtained  ftam 
whites,  I  ascribe  (as  stated)  the  work  itself— that  is,  tbe  cutting  ont  of 
the  flgare  and  the  tracing  of  tbe  lines — to  the  agency  of  an  aboriginal 
artist  The  ornamental  lines,  though  incised  with  a  steady  band,  are 
not  uniform  in  width,  and  in  some  places  the  tracing  forms  a  double 
line,  as  though  the  implement  used  in  lien  of  a  graver  bad  not  been  pro- 
vided with  a  sharp  point.  A  knife  which  has  lost  its  extreme  point 
would  produce  snch  lines;  perhaps  also  a  pointed  flint.  The  latter 
alternative,  however,  is  hardly  admissible,  considering  that  at  tbe  time 
when  tbe  object  was  made,  implements  of  such  primitive  character  prob- 
ably bad  been  superseded  by  more  efficient  iostroments  of  iron  or  steel. 
Tbe  ]^ortb  American  Indians,  like  other  savages,  were  not  slow  in  recog- 
nizing the  superiority  of  tbe  white  man^s  tools,  and  adopted  tbem  with- 
out hesitation, 

TboDgb  it  would  be  hazardous  to  pronounce  a  definite  opinion  con- 
cerning the  age  of  tbe  relic.  It  may  be  assumed  that  it  is  not  very  old. 
Its  origin  may  not  date  back  more  than  a  century.  It  was  perhaps 
made  during  tbe  second  period  of  Spanish  supremacy  in  Florida,  which 
lasted  from  ITSO  to  1821,  when  the  province  was  ceded  to  tbe  United 
States.  The  ornament  was  taken  from  tke  centre  of  tbe  mound,  and 
doubtless  formed  a  part  of  a  primary  burial.  This  fact  affords  an  addi- 
tional evidence  that  mound-building  was  continned  in  this  country  after 
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its  occapatJOQ  by  EoropeaiiB.  "The  man  who  dag  it  out,"  sajs  Mr. 
Oreealeaf,  "  had  bo  idea  that  it  vas  gdd.  He  hod  been  digging  all 
day,  and  was  jnat  giving  up  the  work,  vben,  vitb  a  flual  desperate 
blow,  he  strnck,  broke,  and  bioaght  to  light  the  gold  oraament  He 
then  explored  the  rest  of  the  moand  carefully,  bat  found  notbiug  but 
fragmeuta  of  pottery  and  crnmbling  boueB." 

Purely  aboriginal  relics  of  gold  appear  to  be  extremely  rare  ia  tUis 
country.  According  to  Colonel  Charles  C.  Jones,  Indian  beads  composed 
of  that  metal  have  been  met  with  in  Georgia.  Be  says :  "  Gold  beada — 
evidently  not  European  in  their  manufacture — have  been  found  in  tbe 
Etowah  Valley,  in  the  vicinity  of  the  large  mouuds  OQ  Colonel  Tumlin's 
plantatioD."*  This  statement  is  corroborated  by  Mr,  M.  F.  Stephenson 
in  8D  article  on  aucient  mounds  io  Georgia,  which  was  published  in  the 
Smithsonian  Beport  for  1810.  I  am  not  aware  that  Indian  relics  of  gold 
have  been  fonnd  in  Florida  in  modem  times ;  but  mention  is  made  of  a 
small  gold  bell  obtained  in  1627  by  the  party  of  the  nnfortunate  Pam- 
philo  de  Karvaez,  immediately  after  bis  landing  in  Florida.  It  was 
discovered  in  one  of  the  large  houses  (buhios),  wbich  tbe  natives  had 
deserted  upon  tbe  approach  of  the  Spaniards.! 

We  team  from  tbe  old  accounts  lelating  to  the  discovery  and  coloni- 
zation of  the  large  tract  of  land  formerly  called  Florida  that  tbe  abo- 
riginal inhabitants  were  cognizant  of  the  occurrence  of  gold  in  their  dis- 
tricts. The  grains  of  gold  which  the  early  Spanish  visitors  saw  in  tbe 
possession  of  tbe  Floridians  excited  tbeir  capidity,  and  inspired  them 
with  the  hope  of  finding  a  second  Mexico  or  Peru  in  the  more  northern 
portion  of  the  new  continent.  Upon  asking  tbe  Indiaus  where  the 
precious  metal  had  been  obtained,  they  were  referred  to  the  "Apalatcy'' 
Mountains,  in  the  north,  from  which  rivers  carrying  particles  of  gold, 
silver,  and  copper  were  flowing.  The  Indian  method  of  collecting  these 
metallic  grains  is  represented  on  plate  il,  vol.  li,  of  De  Bry's  Peregri- 
nationes  (Frankfort  on  the  Main,  1691],  where  the  natives  are  pictured 
as  using  long  tubes  for  tbis  purpose.  Jacques  Le  Moyne  de  Morgues, 
tbe  artist  of  Laudonni6re*s  expedition,  to  which  the  volume  relates, 
probably  drew  the  sketch  from  imagination,  or  according  to  what  he 
bad  heard  from  the  Indians,  who  were  never  noted  for  their  Teraoity. 
The  short  Latin  descrtptiou  accompanying  tbe  sketch  closes  with  the 
statement  that  tbe  Spaniards  knew  how.  to  apply  these  treasnrefl  to  their 
own  use.  Indeed,  traces  of  mining  operations  which  are  ascribed  to 
tbe  Spaniards  have  been  fonnd  in  the  gold  district  of  Georgia.  It 
would  be  foreign  to  my  purpose  to  enlarge  on  this  subject ;  but  I  will 
refer  to  two  articles  by  Dr.  D.  G.  Brintou,  wbieb  treat  of  this  early 

■  AntlqnitiM  of  tbfi  SoDtbecn  loaiana.    N«v  York,  1673,  p.  46. 

I "  Ud  d«  CM  bohioa  6tait  ai  grand,  qa'il  poavitit  0ODt«Dir  ploB  de  ttols  cents  penon- 
DM :  ]m  BQtTM  ^talent  molns  vastcs ;  nana  J  ttmrrlaa«B  oiio  cloohetto  en  oc  p&rmi  dea 
fileta."— A«laH(H>  «r  Kai^/rage*  i'Alrar  NuiUt  Cabtfa  ie  Faea.  Paria,  1637,  p.  34.  (Tei- 
DBnx-CompaoH  Collection.)  Tbe  Bpaaish  original  wu  pnbltahed  In  th0fMI  IGGSkt 
V*Uadolid. 


-,  lyGooj^lc 


302  OK  A.  FOLTCHROUB   BEAD   FROM  FX^BIDA. 

miniDg :  one  forms  the  tbird  appendix  to  his  exoellent  little  work  en- 
titled Kotes  on  the  Floridian  PeniRmla;  the  other  is  published  id  the 
HUtorical  Magazine,  vol.  z  (1866),  p.  137,  midet  the  tttle"Early  SpaDish 
Mining  in  Northern  Qeorgia."  Additional  information  on  the  solgect 
is  to  be  foaod  in  Ck)Ionel  Jones's  work,  to  which  I  have  referred  on  the 
preceding  page. 


0!)  A  POLYCHROliE  BEAD  FROM  FLORIDA. 

Bt  Fdof.  S.  S.  Haldeman. 

This  bead  (Fig.  1),  now  in  the  United  States  Kational  Mnsenm,  is  of 
a  kind  known  to  archseology  as  the  star  pattern,  because  the  white  be- 
tween the  exterior  bine  and  inner  red  forms  a  terminal  star  or  zigzag 
band  when  the  original  c;)inder  is  groand  into  an  oval  so  as  to  expose 
the  interior  colors.  Examples  occur  of  varioas  sizes  fh>ni  about  two 
inches  in  length  and  one  and  a  half  in  diameter  to  about  one-foorth 
of  an  inch  in  size,  the  latter  being  spheric  or  oUate  and  as  distinctly 
Fig.  1. 


(9 
colored  as  the  large  ones.  There  is  a  specimen  about  an  inch  and  a 
half  long  in  the  ancient  Egyptian  department  of  the  Louvre  (hor- 
izontal case  Q),  and,  according  to  my  recollection,  a  specimen  from 
Dakkeh  (Nubia)  in  the  British  Museum  (horizontal  case  E,  No.  6294 
d)  is  larger.  The  Slade  collection  in  the  British  Musenm  contains 
two  of  the  same  character.*  A  large  one  found  iu  England  with 
Samian  caps  and  Boman  buckles  is  figured  in  the  Proceed.  Brit.  Arch- 
eeol.  Assoc  IS48,  vol.  3,  p.  328;  Faussettt  figures  an  examplo  from 
Oilton,  England ;  and  another  is  described  in  the  Archsologia  (1851, 
vol.  35,  pL  5,  fig.  10),  the  locality  unknown,  but  Mr.  B.  Nightingale  says 
examples  occur  along  the  Bhine  and  are  to  be  seen  in  the  mnseums  of 
Mannheim  and  Baden.  Mr.  Morlot,  of  Lausanne,  gives  colored  figures 
of  two  examples  in  the  museum  at  CopeDhagen-t,  That  of  fig.  1  was  said 
to  have  been  found  near  Stockholm,  the  other  in  an  antique  grave  in 

*  Catalogae  of  the  ooUeotloo  of  glass  fonned  by  Fetix  81«de,  esq.,  F.  8.  A.,  with  ootM 
on  tbe  history  of  gloss-makiog,  by  Alexander  Neebitt,  esq.,  1B71,  p.  10,  fig.  31. 

t  iDTentoriam  BepolcbMle,  1866,  pL  5,  fig.  2. 

t  Proceed.  Am.  Philosoph.  Soc.,  Not.,  1862,  p.  111-114  and  11M90. 

oogic 
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DeDtnark.  He  also  copies  (flg.  3)  one  of  Schoolcraft'e  fignres  of  a  smaller 
cjiindric  bead  from  tbe  ossoaries  at  Beverly,  Canada.  Somewhat 
similar  to  tbe  Stoobbolm  specimen  Is  a  bead  in  the  NatioDal  Mu- 
senm  (Fig.  2)  from  Baota  Barbara,  Cal.,  in  which  tbe  exterior  blae  is 

FJg.  3. 


minately  and  thiclily  speckled  with  yellowish  points.  Tbe  same  collec- 
tion has  examples  of  the  small  spherical  kind  from  graves  at  Lima,  X.  Y. ; 
and  I  have  a  specimen  found  on  tbe  Sasqnehaana,  vith  other  remains, 
in  digging  the  Pennsylvania  canal,  about  tbe  year  1830.' 

The  exterior  blae  is  asnally  more  or  less  clearly  striped  with  a  lighter 
tint,  owing  to  tbe  ridges  of  tbe  interior  wbite  shining  tbroagh.  In  all 
the  specimens,  and  in  snch  as  I  have  seen  in  Enrope,  tbe  order  of  tbe 
colors  toward  tbe  interior  is  blae-wbite<red-white,  with  an  additional 
central  color  in  some  of  tbe  larger  ones,  that  of  tbe  large  Lonvre  ex- 
ample being  dark  bine.  This  order  is  present  in  modern  Venetian  beads, 
of  which  I  have  examples  much  like  that  of  Santa  Baibara,  Cal.,  and 
in  those  from  New  York  and  the  Snsqnehanna,  bat  the  last  two  are 
more  neatly  made,  the  white,  wavy  band  in  tbe  Snsqnebanna  specimen 
being  very  slender,  delicate,  and  regular.  The  external  tint  of  the  mod- 
«m  Venetian  cyliudric  beads  is  bine,  green,  red,  or  longitudinally  striped 
with  several  colors,  and  the  Louvre  has  bine  and  also  green  ancient 
Egyptian  specimens. 

Mr.  Morlot's  paper  is  intended  to  show  that  the  Northmen  received 
these  beads  from  the  Phoenicians  and  carried  them  to  America,  a  view 
which  is  opposed  by  Mr.  A.  W.  Franks,  F.  S.  A.,  of  the  British  Museum, 
who  thinks  that  the  Beverly  specimeu  figured  by  Schoolcraft  is  Venetian 
of  tbe  fifteenth  or  sixteenth  century ,t  a  view  which  is  probably  correct 
for  all  tbe  Kortb  American  examples.  Of  these,  tbe  New  York  speci- 
mens show  signs  of  oxidation,  while  that  from  the  Susquehanna  is  on- 
tamished. 

■  PriK«ed,  Am.  Phi).  Soo.,  Hay,  1669,  toL  U,  p.  369.  Hr.  Tbos.  Muteraon,  of  Colam- 
1>U,  Pa.,  hM  added  to  my  cabinet  a  fioe  Bpecimea,  bat  little  tamiabed,  tcom  a  grave  in 
Tioga  CoDDtj,  Pa.,  and  ho  haa  the  loagitadiaaL  half  of  another,  1|  inch  long  and  l-^ 
in  diameter,  found  at  TaAy  Hill,  below  Colnmbia,  Pa. 

t  Pnxseedinga  of  tho  Society  of  Antiqoariee,  Janaary  S8, 1864.  Lubbock,  Prehistoric 
Times,  ch.  3.  I  am  iodebted  to  the  kindneaa  of  Mr.  Franks  for  valnable  auclent  and 
modern  additions  to  my  cabinet  of  beads. 
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And  yet,  the  maDufactuie  of  tbe  star  pattern  ancl  other  kinds  of  beads 
in  glass  and  eaamel,  with  varicolored  spots  and  circles,  is  of  great  ao- 
tiquity.  Tbe  art  seems  never  to  have  been  lost,  and  in  later  times  to 
have  been  chiefly  cultivated  at  Venice,  where  more  than  Ave  handced 
varieties  are  made.  A  local  historian,  Mr.  Samuel  Evans,  of  Columbia, 
Pa,,  says  the  natives  along  the  Susqnebanna  traded  with  the  French  for 
fire-arms  before  160S,  and  he  mentions  a  trading-post  at  the  month  of 
the  river,  established  in  1631  by  a  person  named  Claibonrne."  Charles 
C.  Jones  f  mentions  that  De  Soto  foood  European  beads  in  jiossessioQ 
of  the  natives  as  early  as  1540,  and  they  seem  to  have  been  valuable 
articles  of  trade  at  various  periods  and  among  many  nations.  They  are 
abundant  in  European  mounds,  where  they  occur  in  various  shapes  and 
variegations  of  color,  as  may  be  observed  in  works  devoted  to  antiqui- 
ties.}  The  magnificent  Cesoola  collection  in  New  York  has  varicolored 
examples  from  Cyprus.  Tbe  Kertch  example  ( Arcbieologia,  31,  pi.  5,  £ 
20)  is  bine  with  white  circles.  The  same  tints  occur  on  Egyptian  beads 
in  the  Louvre,  and  on  Fhcenico-Oreek  specimens  in  tbe  Liverpool  Mu- 
seum. Tbe  British  Museum  has  beads  from  Tyre  of  a  dark  ground,  some 
with  white  circles,  others  with  transverse  zigzag  bands. 

A  Venetian  bead  known  as^cornallne  d'AIeppo"  is  widely  spread. 
It  is  red,  with  a  white  or  yellowish  center,  and  when  strung  or  worked 
into  ornaments  the  white  is  scarcely  apparent,  so  that  it  might  be  sup- 
posed that  red  beads  would  answer  as  well.  Possibly  they  are  more  pleas- 
ing to  the  eye  when  sold  in  bulk.  I  have  speoimene  of  it  fh>m  Abyssinia, 
Algeria,  in  native  work  of  Demerara,  in  a  medicine-bag  probably  from 
the  Bocky  Mountains,  in  moccasins  of  the  kind  made  by  the  Indians  of 
Xew  York  and  Canada,  and  Mr.  W.  H.  Holmes  of  the  Hayden  expedi- 
tion picked  up  a  specimen  near  tbe  trail  in  the  vicinity  of  the  ancient 
ruins  of  the  Bio  Mancos,  in  Southwest  Colorado.  Mr.  Holmes  also  found 
a  small  elliptic  white  enamel  bead  among  tbe  ddbrit  of  the  ruins,  but 

*  Lancaster,  Pa.,  Espreas,  March  8, 1S76. 

t  AntiqnltleB  of  the  Soatbeni  Indiana,  1873,  pp.  S35-23T,  520. 

i  AiohiBdiopa,  1351,  toL  34,  onts  p.  117,  and  pi.  !>,  iDcladlag  a  Sahine  example  (f.  37), 
two  fi«iii  Eeitcb  (f.  SO,  21),  aod  three  from  Egypt.  All  theae  are  varioolored.  The 
apherla  and  soloate  forma,  flge.  B,  13, 15,  known  as  "Dnid'a  beads,"  oocnr  In  £gn>^ 
and  are  lepieaented  in  a  large  and  varied  collection  of  ancient  Etniaoan  apedmena 
which  I  owe  to  the  liheralitf  ol  tbe  dietuig:iiiBhed  orcIuBologiat,  Signer  Aleaaandn 
Castellan!.  Ameng  its  repcesentativea  ot  the  plate  referred  to  are  flg.  SO  (Kertcb),  S3 
(cf  lindric,  Nnbia),  35  (triangnlar,  Egypt),  27  (apotted,  Sabine),  and  35,  with  ookoed 

B.  C.  Neville,  Saxon  Obseqaiee,  1653,  pi.  18-22,  containto;;  seTcral  bnndred  flgnroa, 
moatl;  varioolored, 

JohnToDge  Akerinan,BeDiaiQ8  of  Pagan  SasoDdom,  1855,  onta  p.  xxviii,  and  colored 
'  plates  13  and  SI,  with  tbirtf  ot  forty  varletiea. 

Fanaaett  (op.  cit.},  pi.  5,  6, 7,  flgurea  in  single  dot  and  varicolored  ot  abont  two  fann* 
dred  esomplM. 

AcbUle  Devllle,  Hiatoire  de  I'Art  de  la  Terrerie  dans  I'AntiqnitA,  1873,  pi.  78-d,  varl- 
gaCed ;  pi.  5,  nnicolored. 
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even  this  is  a  Venetian  pattern.  Among  many  varieties  of  glass  beads, 
the  Wheeler  Survey  has  the  cornaline  d'A.leppo  ftvm  excavations  near 
Santa  Barbara,  Oal.  (Dos  Pneblos,  Big  Bonanza),  also  another  Venetian 
variety  with  the  center  black  instead  of  white.  Both  kinds  are  ased 
by  the  modern  Utes.  It  deserves  mention  that  Professor  Henry  has; 
recently  procured  for  the  Smithsonian  Institation  a  fine  collection  of  Ve- 
netiao  beads  for  comparison  in  this  branch  of  archeeology.  ^ 


COLOBKD  BEID  DU6  FBOM  A  HOIIKD  AT  TOE  EXTBEHB  NOBTH  EKD  OF 
BLACK  HiHHOCK,  THBER  HUES  WEST  OF  SOSariTO  IMET,  EASTEBX 
COAST  OF  FLOBIDA. 

By  a.  H.  HaRRISOM,  JuUtant,  Coatt  Surpeg. 

Imbedded  in  the  roots  near  one  of  the  skalls  was  fonnd  a  small  gold 
bead,  and  another  larger  one  of  each  peculiar  material  and  constrnction 
that  a  description  of  it  will  not  be  amiss.  (See  Fig.  I,  in  preceding 
article).  It  is  cylindrical,  1^  inches  long,  1  inch  in  diameter  through  the 
center,  and  one-half  inch  across  the  hesagonal  ends.  When  taken  from 
the  ground,  parts  of  its  surface  had  a  pecaliarly  pearly  or  iridescent  ap- 
pearance, due  to  oxidation.  Upon  my  return  home  I  divided  it  length- 
wise, and  gave  one-half  iu  its  original  condition  to  the  Superintendent 
of  the  Coast  Survey ;  the  other  I  had  polished,  and  it  is  still  in  my 
possession.  It  is  brilliaotly  colored  around  the  middle  by  dark  and  light 
blae  longitudinal  bars,  taperiug  toward  the  ends  of  the  bead,  which  are 
deep  red,  each  bar  being  defined  by  a  dead  white  line.  Running  length- 
wise through  the  center  is  a  variegated  cylinder  of  op'iqne  and  semi- 
transparent  enamel,  or  glass,  which  has  a  single  perforation.  Obviously, 
a  tobe  arranged  in  concentric  layers  of  different  colors  was  first  made, 
then  cot  into  sections  at  intervals,  and  each  section  ground  to  the  present 
shape.    It  is  beautifully  tinted,  and  plainly  the  work  of  a  skUIed  artisan. 


SHELl-HXAFS  AT  THE  MOUTH  OF  8A1KT  JOSH'S  BIVEB,  FLOBIDA. 

Bt  S.  p.  Matbbrht,  CtgM  Blitabttii,  Me. 

Fort  George  Island  lies  at  the  mouth-  of  Saint  John's  Biver,  Florida. 
It  embraces  1,100  acres  of  high  and  dry  "  bammook"  land,  snrroanded 
on  three  sides  by  1,800  acres  of  marsh.  On  the  remaining  part  is  a 
sandy  beach,  which  also  extends  along  the  month  of  the  river  four  miles. 
The  island  is  very  nearly  level  and  covered  with  a  dense  growth  of  many 
varieties  of  wood,  among  which  are  live  and  water  oak,  magnolia,  hick- 
ory, cedar,  and  pine.  Mount  Cornelia  is  a  bill  of  sand  about  one-half 
mile  from  the  shore.  It  is  estimated  that  there  are  forty  acres  covered 
with  large  piles  of  oyster-shells,  while  many  acres  are  covered  with 
20  s 
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tliem  distribated  evenly  over  the  sorface.  In  that  climate,  when  not 
protected,  they  dieintegrate  with  Bome  degree  of  rapidity. 

The  larger  deposit  that  we  examined  covered  1}  acrea ;  the  height  at 
the  point  mast  have  been  30  feet.  In  shape  it  resembled  a  bowl  taroed 
bottom  side  np.  The  npper  snrface  was  covered  with  a  vegetable  mold 
from  10  to  18  inches,  upon  which  were  growing  forest-trees.  We  meas- 
nred  a  live-oak  which  bad  a  diameter  of  32  inches.  Six  feet  fh>m  the 
bottom  was  a  layer  of  black  vegetable  mold  following  a  coarse  nearly 
parallel  with  the  snrface  of  the  ground.  It  showed  no  indication  that 
there  were  any  trees  growing  in  the  space  occapied  by  these  deposits 
previous  to  their  being  transported  there.  The  shells  were,  without  an 
exception,  single,  and  inside  of  the  pile,  where  tbey  had  not  been  exposed 
to  the  indnence  of  the  climate,  no  signs  could  be  discovered  of  their 
having  been  treated  with  fire.  Large  qaantlties  of  these  shells  are  being 
carted  off  to  make  roads  on  the  island,  so  that  we  bad  a  good  chance  to 
see  the  interior  of  the  pile.  We  were  informed  by  the  cartmen  that 
bnman  skeletons  were  found  occasionally.  A  gentleman  informed  me 
that  he  had  seen  a  piece  of  pottery  on  which  was  marked  "  1707."  Ad- 
joining the  above  pile  was  a  depression  resembling  the  inside  of  a  bowl, 
the  outside  being  irregular,  and  in  one  place  it  looked  as  though  the  side 
might  have  been  forced  ont  and  that  it  was  caused  by  a  large  body  of 
water  which  had  been  inclosed  and  barst  from  its  coofinement.  In  the 
center  of  this  deposit  the  shells  were  not  three  feet  deep,  while  the  walls 
were  fifteen. 

On  another  part  of  the  island  the  proprietor  informed  me  that  among 
forest-trees  of  2  and  3  feet  diameter,  on  the  deposits  could  be  traced  dis- 
tinctly the  rows  and  other  iodications  of  sugar-cane  culture.  About  a 
month  previoas  to  my  visit,  Dr.  Hall  leveled  a  saud  mound  io  front  of 
his  residence,  in  which  were  human  skeletons,  stone  implements,  and 
pottery. 


iVCIEXT  MOCIfB  K  WE8TKBK  PEKNSILTAiriA. 

By  WiLLt&M  M.  Tatwr,  qf  Mount  Jackton,  Pa. 

This  mound  is  about  35  feet  in  diameter  and  5  feet  high.  Joining  the 
circumference  on  the  southeast  is  a  projection  35  feet  long,  of  the  same 
height  as  the  main  part.  This  gives  the  mound  a  gridiron  shape,  with 
a  very  broad  handle. 

The  site  of  the  monod  is  on  the  Mahoning  Biver,  west  side,  second 
bench,  and  about  a  quarter  of  a  mile  from  the  stream.  It  is  one-third 
of  a  mile  from  the  mound  back  to  the  range  of  hills  more  than  a  hundred 
feet  high.  It  is  worthy  of  notice  that  the  projection  extends  in  a  coarse 
parallel  with  the  river  on  one  aide  and  the  hills  on  the  other. 

In  leveling  this  mound  a  number  of  graves  and  skeletons  were  dis- 
covered.   There  were  also  a  few  implements,  bone  beads,  mica,  &o- 
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foaod.  Moat  of  the  skeletooB  qnickly  crambled  apon  exposure  to  the 
air.  From  Mr.  Gibson,  the  owner,  I  obtained  a  large  and  veil  shaped 
Bkoll.    The  anderjaw  is  still  attached,  and  most  of  the  teeth  remain. 

On  a  former  visit  I  picked  ap  a  unmberof  bones  that  were  lying  loosely 
aroDOd  after  the  attempt  at  leveling.  The  ekeletooa  were  anrronnded 
by  large  flat  stones  set  on  their  edges.  These  stones  were  brought  Arom 
the  hills,  as  there  are  none  like  them  in  the  bottom.  The  earth  of  which 
tbe  monnd  was  bnilt  was  also  brought  fh>m  a  distance.  It  is  ignite  dif- 
ferent in  color  and  qnality  from  that  near  by.  Some  charcoal  is  fonnd 
mixed  in  it.  Flint  chippings  and  arrow-heads  are  still  lying  aroand. 
Formerly  varioos  stone  implements  were  fonnd  in  the  neighborhood. 
Last  spring  a  colored  man  was  plowing  on  the  farm  of  Mr.  0.  B.  Easby, 
cm  the  bill-side,  in  sight  of  the  mound,  and  less  than  half  a  mile  from  it. 
In  tbe  taming  over  of  tbe  sod  he  discovered  an  ancient  cache.  The 
stock  or  collection  consisted  of  axes,  hatchets,  tomahawks,  boes,  wedges, 
and  a  chain  on  which  were  atrcng  several  of  the  tomabawks.  There  were 
over  twenty  iron  implemente  in  all.  Ko  two  of  even  tbe  same  hind  were 
of  the  same  size  or  shape ;  bnt  one  of  the  hoes  was  almost  identical  in 
shape  and  size  with  the  hoes  made  for  the  Sonthem  cotton-fields.  la  it 
probable  that  the  same  race  and  generation  nsed  both  the  iron  and  stone 
implementsT  The  iron  toolahave  avery  thick  coating  of  rust  upon  them, 
and  are  evidently  among  the  first  iron  implements  ever  nsed  by  any 
people  in  the  valley  of  the  Mahoning. 

year  the  mound  once  stood  the  Indian  village  of  Knsbknshkee,  or  Kas- 
kasknnk.  Pakanke,  the  Delaware  chief,  and  Olikkikan,  a  celebrated 
orator  of  tbe  Delaware  tribe,  lived  here.  It  is  probable  that  Christian 
Frederick  Post  visited  the  Indians  in  this  town,  by  appointment  of  the 
governor  of  Pennsylvania,  in  1768.  "Again,  in  1761,  Post  repeated  his 
visit ;  not  on  this  occasion  in  the  capacity  of  a  political  envoy,  bnt  as 
an  ambassador  of  tbe  gospel." — Black  Robes, 

This  was  tbe  year  before  the  establishing  of  the  Moravian  missionary 
station  and  the  founding  of  Friedenstadt,  nine  miles  below  on  the  Bea- 
ver River,  near  tbe  present  town  of  Moravia. 


DEPOSIT  OF  ABKOW-HEIDS  KBAB  FI9HKIU,  K.  T. 

Br  Edwin  M.  Sukpard,  of  Korfolk,  Cotm. 

This  interesting  discovery  of  arrow-heads  was  made  npon  the  farm  of 
Mr.  George  Allerton,  at  Green  Haven,  Dutchess  County,  New  York. 
The  farm  is  situated  in  a  beantifnl  valley  aboot  twelve  miles  fYom  Fish- 
kill  on  the  Hudson,  It  seems  that  there  were  several  bog-holes  scattered 
at)ont  tbe  place,  each,  perhaps,  25  to  40  feet  in  diameter.  Tbey  have  a 
few  inches  of  water  and  several  feet  of  rich  mnck,  and  are  the  resort  of 
numerons  frogs,  turtles,  and  snakes.    Last  Jnly  Mr.  Bedevaty,  thinking 
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that  tbe  mack  would  be  an  excellent  thing  to  spread  od  his  land,  set 
one  of  bis  men  at  work  haaling  it  out.  While  employed  to  digging,  his 
spade  broQght  up  a  number  of  arrow-points.  He  described  tbem  to  be 
Dicely  piled  side  by  side,  edgewise,  in  two  or  three  rows.  There  were 
perhaps  two  or  three  bundred  in  all.  On  each  side  and  on  top  were 
some  charred  logs  and  sticks,  that  seemed  to  be  the  renaains  of  an  old 
fire.  They  were  10  or  15  inches  below  the  surface  of  the  pond.  They 
are  of  a  blue  jaspery  fiint,  and  seem  to  be  in  an  nnfinished  condition. 
I  thought  that  probably  the  Indians  bad  brought  them  from  a  distance 
(as  I  bav«  never  found  any  of  the  same  rock  anywhere  in  this  neighbor- 
hood) and  made  this  pocket  and  covered  the  traces  of  them  by  building 
a  fire,  intending  to  return  and  finish  tbem  at  their  leisure ;  or,  perhaps, 
they  hid  them  there  to  prevent  their  capture  by  their  enemies. 


STONE  CBITS  IN  THE  WEST  INDIES  AND  IN  IFBICi. 

(Extract  Stam  a  letter  of  Geo.  J.  Oibba,  eeq.,  Tnrki  Island.) 
Mr.  Gibbs  draws  attention  to  a  paragraph  (vol.  ii,  p.  451)  in  tbe  work 
of  Martin  Fernandez  Navarrete,  a  French  translation  of  which  was 
pablisbed  in  Paris  in  1828,  entitled  "Relations  dea  Quatre  Voyages 
entrepris  par  Ohristopbe  Colombe,  &c.,"  in  which  the  natives  of  all  the 
West  Indies  are  said  to  ase  "  des  haches  et  dea  erminettoa  faites  avec 
dea  pierres  si  ^l^gaotes  et  si  bien  travaill^es,  qu'on  ne  pent  trop  s'^ton- 
ner  de  ce  quils  out  pu  les  fabriqner  sans  fer."  On  page  448,  vol  ii,  M. 
Kavarrete  repeats  the  wordsof  Colambns  concerning  the  idolatry  of  tbe 
natives,  "Oar  dans  lenr  maisons  ils  ont  des  idoles  de  plusieurs  espdces. 
Je  (Oolumbns)  lenr  ai  demand^  ce  qne  c'etail,  et  ils  m'ont  r^poodn  qne 
c'etait  one  chose  de  Turey,  ce  qui  veut  dire  dn  del.* 

In  the  same  letter,  Mr.  Oibbs,  after  drawing  attention  to  several 
places  in  Livingstone's  "  Last  Journal,"  where  the  distinguished  author 
denies  ever  having  heard  of  stone  implementa  iu  Africa  (pp.  83, 80, 
442,  448),  says  that  in  1841  a  Spanish  slave-ship  was  wrecked  on  tbe 
Oaicos  Islands.  In  conversation  with  Mr.  Gibbs,  who  showed  aome  of 
the  negroes  a  stone  celt,  they  remarked  that  snch  things  were  wor- 
shiped in  their  conntry,  that  they  fall  from  heaven  during  thnnder- 
storms,  and  that  tbey  are  a  sure  preventive  of  tbe  evil  effiscts  of  light- 
ning to  those  who  keep  tbem  in  their  houses.  It  is  esteemed  very 
nnlnoky  to  part  with  one  nnder  any  circumstances. 
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Bt  F.  L.  Galt,  U.  D.,  of  L^Murg,  Fa. 

The  tribes  of  South  American  Indians  who  live  on  and  to  the  east- 
ward of  tbe  Andes  in  Peru  belong,  according  to  d'Orbigny's  classifica- 
tion, to  the  Baoe  Ando-Pemvienne,  one  branch  of  which  he  designates  as 
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tbe  Quickuat  and  Aymaras,  and  the  other  as  the  Amtiaian,  The  latter, 
moFe  espedally,  embrace  those  living  to  the  eastward  of  the  Cordil- 
leras, whose  home  is  among  the  lovlands,  wbiob,  I  suppose,  inolDde 
what  is  known  as  the  "  Mosti^ia  "  of  Pern.  This  Months  embraces  "a 
district  fiom  an  elevation  of  1,000  feet  down  to  tbe  level  of  the  Ucayali 
basin,  whose  average  level  above  tbe  sea  varies  from  200  to  SOO  feet, 
and  is  contiouoiis  with  the  lowlands  of  the  Brazilian  portion  of  the 
Amazon  Valley.  There  are  three  platforms,  differing  greatly  in  height, 
which  form  the  basins  of  the  TJcayali,  the  Hnallaga,  and  the  proper 
main  carrent  of  the  MaraQon  itself ;  and  tbe  tribes  who  inhabit  the  low 
cooDtries  of  Eastern  Pern  have  traded  for  centuries  among  tbe  broad 
corrente  of  tbe  first  two  river  bottoms.  The  ITcayali  Biver,  which  seems 
for  some  reasons  worthy  of  being  more  properly  considered  tbe  contin> 
nation  of  the  Pemviau  part  of  the  Amazon,  has  a  length  of  S35  miles 
from  its  deboncbmeut  into  the  MaraSon  to  the  point  where  tbe  two 
streams  Urabamba  and  Tambo  unite  to  form  it.  On  the  old  charts  of 
the  priests  it  was  called  the  Apo-Paro,  and  the  term  Ucayali  only  applied 
to  the  more  northern  half,  from  about  tlie  Pachitea  to  the  Mara&on.  A 
fine  stream  like  tbis,  which  by  recent  surveys  has  been  shown  to  be 
navigable  for  steamers  its  whole  length,  and  with  its  comparatively 
moderate  onrrent  of  2.65  miles  per  hour,  mast  have  naturally  attracted 
tbe  natives  to  its  borders,  where  abundance  of  fish,  turtle,  and  water- 
fowl offered  so  easy  a  livelihood.  We  acconlingly  find  that  the  manu- 
script records  of  tbe  friars  of  tbe  order  of  Saint  Francis,  which  show 
the  ardent  spirit  of  these  enthusiasts  during  two  centuries,  mention 
unmerons  peoples  dwelling  along  the  whole  length  of  this  noble  river ; 
and  the  present  deserted  spectacle  of  its  borders  gives  us  no  index  of 
the  population  which  once  dwelt  here.  Another  attraction  for  tbe 
native  was  the  comparatively  moderate  heat  which  is  to  Ite  encoaotered 
here,  as  in  all  parts  of  the  MontflSa  of  Peru,  not  rising  above  an  annual 
average  of  24°  C.,ai)d  it  must  have  attracted  migration  now  and  then  from 
the  more  desolate  or  cold  heights  of  the  sierras  to  the  westward.  The 
great  drawback  to  tbe  basin  of  this  river  Ucayali,  and  also  to  the  whole 
of  the  river  country  of  tbe  lower  part  kuowo  as  tbe  "Pampa  del  Sacra- 
mento," would  have  been,  probably,  the  inundations  of  the  rainy  season, 
and  the  comparatively  few  points  suitable  for  permanent  settlement. 
The  simplicity  of  house  structure,  and  the  very  few  articles  to  be  trans- 
ported, would  have  counteracted  this  objection,  and  the  generosity  of 
tbe  climate  as  to  vegetable  production  would  offer  tbem  a  relief  from 
the  toil  of  a  hardy  agriculture  and  tbe  preparation  for  cold,  which  they 
found  so  necessary  among  the  mountains. 

Of  the  origin  qf  the  tribes  living  in  the  lower  portion  of  tbe  Montaila 
of  Pern,  we  have  little  or  do  reliable  information.  What  relation  tbe 
present  representatives  bore  to  tbe  Inca  population  is  ancertain. 

In  some  recent  surveys,  undertaken  under  the  anspioes  of  Peru,  of  the 
tributaries  of  the  Amazon,  which  waters  the  territory  of  that  repnblio, 
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I  had,  as  sorgeon  of  the  ezpeditioo,  many  opportanities  of  becoming  ac- 
qaainted  with  the  tribes  vbo  live  io  the  lowlaods  of  the  basin  of  the 
Ucayali,  the  Marafion,  PacUitea,  and  other  streama,  and  I  coald  obt^n 
bat  the  faintest  knowledge  of  their  peoples.  Traditaon  amoog  them 
seemed  to  be  rednced  to  its  lowest  condition,  and  among  those  tribes 
which  I  visited  there  was  only  one  which  seemed  to  treasure  any  notion 
of  the  Inca  history ;  and  they,  in  their  pride  of  fancied  descent  from  that 
race,  showed  in  their  physical  type  some  rvsemblauce  to  the  ancient 
rnlers  of  Peru, 

Beginning  at  the  month  of  the  Ccayali  Biver,  the  following  tribes  ap- 
pear as  we  go  np  that  stream :  Eokamas  occupying  both  sides  and  the 
adjacent  country  of  the  MaraBon  Biver.  They  are  a  Christianized  peo- 
ple, and  are  those  more  frequently  found  about  the  villages  occapied 
by  the  white  settlers.  Their  color  is  darker  than  that  of  most  others 
of  the  inhabitants  of  that  couutry,  and  their  stature  is  below  the  average. 
Their  limbs  have  not  the  rounded  forms  which  characterize  some  others, 
and  their  features  are  harsher  in  expression.  They  are  very  tractable 
and  work  taithfuUy.  Fidelity  among  their  women  is  a  characteristic 
virtne. 

The  Uayoarnnas  inhabit  the  country  back  from  the  river  hereabouts, 
and  are  less  approachable  by  Christian  or  civilizing  inflnences. 

Bemains  of  the  Setibos  sfaipibos  are  here  and  there  to  be  found, 
attbongh,  as  is  generally  the  case  on  this  and  other  river  borders 
of  the  MootaQa,  the  tribal  type  is  so  destroyed  by  the  custom  of  the 
priests  for  many  years  to  collect  together  at  the  various  missious  the 
yoQugerof  the  different  tribes  for  religious  and  other  purposes,  that 
intermingling  of  blood  has  destroyed  among  most  of  the  tribes  distinct- 
tive  marks. 

The  Cooibos,  are  the  largest,  most  namerons,  and  most  important  of 
all  the  river  tribes,  and,  having  been  about  the  promioeDt  missions, 
such  as  Sarayacn,  Callina,  and  other  pluces  for  many  generations,  tbey 
are  the  most  conspicuous  on  the  Ucayali.  In  their  type  tbey  resemble 
much  the  Inca  caste  in  tbeir  strongly  aquiline  nose,  which  is  prominent; 
their  broad  forehead,  large  eye,  yellow  coroea,  and  not  prominent  cheek- 
bone. The  limbs  are  round;  abdomen  protuberant;  bauds  and  feet  small; 
shoulders  broad,  though  rounded.  The  custom  of  flattening  the  heads, 
said  by  some  to  be  a  custom  among  them,  most  be  very  rare,  as  I  never 
saw  an  instance  of  it,  though  much  among  that  tribe.  Tbey  pride  them- 
selves much  on  their  blood,  and  do  not  permit  of  marriage  among  neigh- 
boring tribes,  although  they  frequently  make  raids  on  their  neighbors 
living  up  on  the  Pacbitea  and  Sangaruyaca,  ih&Cozibos,  for  the  pur- 
pose of  stealing  children,  women,  and  slaves. 

Atwnt  the  missions  of  Calleria  and  Caxiboya  are  fonnd  the  remaios  of 
the  older  tribe  of  the  Bemos,  who  have  disappeared  very  much  throngh 
wars  and  disease.  They,  like  the  Auabnaoas,  who  live  higher  up  the 
Ucayali,  above  the  Pacbitea,  are  mostly  to  be  found  aa  slaves. 
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M.  Caateloan,  m  bis  Voyage,  gives  some  stAtements  going  to  sbow  tbat 
tbere  is  among  the  tribes  of  tbis  region  a  definite  idea  of  fntnrity  in 
connection  wiUi  tbe  soal's  immortality  and  of  a  Sapreme  Being.  It  ap- 
pears to  me  that  be  mast  have  coufonnded  tbe  aotiona  they  have  gained 
by  long  contact  with  the  friars  with  their  original  ideas.  Those  whom 
I  often  conversed  vith  among  these  tribes,  traders,  priests,  balf-breeds, 
and  Indians  themseWea,  seemed,  as  far  as  I  could  learn,  a  race  most 
ignorant  of  everything  beyond  the  daily  life  they  led,  except  vhere  they 
had  some  comprehension  of  what  t^ey  had  heard  from  the  teachings  of 
the  friars,  who  for  over  a  hundred  years  have  been  among  them.  I  was 
repeatedly  told  by  the  very  intelligent  prefect  of  tbe  order  of  Saint 
Francis,  at  Caxitwya,  tbe  beadqnarlers  of  the  missions,  that  be  had 
never  been  able  to  detect  among  the  porely  savage  natares  any  notions 
of  the  sabjects  referred  to,  except  that  they  seemed  to  have  a  vague 
idea  of  an  evil  spirit,  whom  they  looked  upon  as  tbe  aatbor  of  all  the 
ills  of  life;  that  of  tbe  eoal  and  its  immortality  tbey  did  not  entertain 
tbe  radest  conception. 

The  Cooibo  tribe,  from  their  prominence  on  the  river,  are  more  ap- 
proachable by  the  whites,  and  tbey  show  a  larger  degree  of  thriftiness 
and  comprehension  of  the  ases  of  trade.  Bat  when  at  their  homes, 
anexcited  by  the  animation  of  business,  tbere  seems  little  difference 
iMtweeo  tbem  and  the  other  tribes  in  that  country,  being  indisposed  to 
commanicate  information,  quiet,  with  a  species  of  tadness,  or  rather 
apatby  arising  from  want  of  thought.  Yet  it  is  well  known  tbat  when 
they,  or  any  of  the  representatives  of  the  tribes,  are  taken  yoong,  as  is 
frequently  the  case — sale  of  them  being  one  of  tbe  elements  of  trade  on 
the  rivers — and  broagbl  down  to  the  villages  on  the  MaraSon,  or  to  tbe  in- 
terior, where  there  are  white  popalations,  they  develop  rapidly  a  remark- 
able Bprightliness.  Tbey  team  tbe  Spanish  language  with  great  facility,  as 
also  tbe  various  duties  they  are  called  on  to  perform  as  nurses  or  servants 
for  children  or  grown  people,  and  in  all  respects  acquire  the  arts  of  the 
stage  of  civilization  of  tbat  coaatry  with  ease.  Many  of  these  young 
persons,  however,  die  before  they  have  been  in  their  new  homes  any 
length  of  time,  not  from  homesickness,  which  they  rarely  feet,  but  from 
a  change  of  diet  and  mode  of  life,  tbe  comparative  plenty  of  their  new 
mode  of  existence  and  its  excitement  apparently  producing  derange- 
ments of  digestion.  Among  all  the  young  people  of  the  tribes  of  tbe 
Ucayali  and  its  tributaries  who  thus  find  their  way  into  civilization,  the 
children  of  the  Oampas  tribe,  who  inhabit  tbe  coantry  of  tbe  Cerro  de 
la  Sal  and  the  south  part  of  the  Fampa  del  Sacramento,  are  preferred 
on  aocooDtof  their  qnickness,  energy,  and  fine  physique,  which,  thoagh 
slight,  is  somewhat  more  elegant  in  fignre. 

The  Oonibo  tribe  control  the  Ucayali  for  some  distance  above  the  Pa- 
idiitea,  and  are  then  replaced  near  the  Urubamba  and  Tambo  Bivers  by 
the  Firroe,  who  are  tbe  most  stalwart  of  all  tbe  aborigines  of  this  coantry. 
They  Inhabit  both  sides  of  the  Ucayali  near  tbe  (wo  rivers  meotioDed, 
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aod  also  about  the  moatlis  of  the  Urabamba  anS  Tambo.  This  oliaDge 
from  the  doll,  heavy-looking  Conibo,  Ktibo,  and  Shipibo  ia  possibly 
owlDjir  to  a  modiflcatioD  in  climate,  vhicb,  aboat  the  conntry  of  the 
Pirros  tribe,  is  much  more  moderate  as  to  temperature  and  damp- 
ness. 

The  surface  of  the  country  is  also  much  more  open  a  little  vay  fttim 
the  river  margins,  and  allows,  therefore,  of  locomotion  by  other  meaas 
than  that  of  the  sluggish  canoe.  This  difference  of  physical  features  of 
a  section  must  in  the  oonrse  of  time  make  considerable  difference  la  the 
physique  of  races,  and  its  effects  are  probably  not  more  distinctive  any- 
where than  In  the  tangled  jangles  of  the  Amazon  and  the  open  plains 
of  the  La  Plata  basin.  This  physical  distiuotion  reacts  on  Uie  morale 
of  the  inhabitant,  and  substitutes  for  the  slaggish,  apathetic,  and  ancom- 
mnnicative  native  of  the  former  location  the  active  horseman,  the  bold 
antagonist,  and  the  ready  occopaot  of  the  pampas  of  the  temperate 
tegiooa  to  the  south.  The  country  inhabited  by  the  Pirros  tribe  com- 
miiuicates  with  the  headwaters  of  some  of  the  Brazilian  rivers,  and 
intercourse  is  more  or  less  regulariy  kept  up  with  the  tribes  of  that 
country,  inducing  similarity  of  customs,  &e.  The  Pirros  also  communi- 
cate with  the  country  of  Cuzco  for  trading  purposes,  and  they  show  a 
mach  greater  vitality  than  those  living  down  on  the  Luwer  Ucayali. 
But,  of  alt  the  tribes  of  the  tributaries  of  the  Ucayali,  those  of  the 
Tambo  and  Ere  Bivers  and  of  the  Cerro  de  la  Sal,  attract  more  atten- 
tion by  their  long,  persistent,  and  dangerous  hostility  to  the  whites. 
Thuy  are  known  iu  the  old  manuscripts  as  the  *'  Antis,"  and  under  the 
name  of  Gampas  appear  more  conspicuously  about  tlie  end  of  the  last 
century.  The  friars  of  Saint  Francis  seem  to  have  made,  among  the 
Iribesofthe  Oerro  de  la  Hal,  greater  progress  in  civilizing  than  else- 
uhere  iu  the  Montana,  and,  from  that  portion  of  the  valley  of  the  Cban- 
chamayo,  of  the  Perene  and  Ere  Bivers,  they  steadily  pushed  their  way 
to  the  Ucnyali,  and  even  down  to  the  Manifion,  during  the  last  century 
But  it  appears  that  an  apostate  from  CliriBtianity,  one  of  the  race  who 
had  been  educated  in  Spain,  returned  to  the  land  of  his  fathers,  pro- 
claimed himself  as  sent  of  God,  to  redeem  his  people  from  the  tyranny 
of  tbe  worship  of  the  priests,  and  a  general  massacre  of  these  holy  pio- 
neers forever  put  a  stop  to  progress  in  the  southwest  part  of  the  Pampa 
del  Sacramento.  Since  that  time  the  route  to  the  Ucayali  by  the  Ere 
and  Perene  has  been  closed  to  the  white  man  and  tlie  neighbor  Indians; 
and  even  government  expeditions  sent  to  reopen  that  road  have  been 
baffled  and  compelled  to  retire  before  the  ambuscades  wbioh  the  Campos 
ever  prepared  for  all  who  sought  to  disturb  their  water-front  along  the 
Cerro  de  la  Sal.  Besides  the  Oampas,  living  along  these  rivers  there 
were  the  Campuntis,  Pirros,  and  Simincbis,  althongb  all  were  merged 
or  lost  in  tbe  towering  reputation  of  the  Campas,  and  now,  all  along  the 
Uc::yali,  the  Pachitea,  and,  in  fact,  all  the  streams  flowing  from  the 
Pampa  del  Sacramento,  that  name  is  sufficient  to  startle  a  tribe  into 
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fear  or  flight.  The  old  name  of  "  Bnim "  ie  to  be  fonod  as  that  of  an 
ludiaa  aovereignt;  in  the  sootbeni  part  of  the  Pamps,  aUhoagh  one  does 
Dot  hear  of  it  Dowadays.  The  Oampas  have  generally  a  broader  chest 
than  is  comoioD  with  the  other  tribes,  proportiooate  to  the  height,  and 
their  hands  and  feet  are  often  very  beantiful  as  to  size,  and  the  instep 
of  the  foot  mach  arched ;  their  eyes  are  smaller  than  those  of  many 
other  tribes  fonod  in  the  Ucayali  Valley,  and  the  forehead  has  not 
that  breadth  bo  common  among  the  Conibos.  The  progreaa  first  made 
among  thwn  by  the  friars  has  had  the  effect  of  caosiDg  a  good  many 
reports  as  to  their  advance  in  the  mecbaniG  arte,  and  I  beard,  vhile 
npon  the  Ere  and  Tambo  Bivere,  that  they  knew  now  the  art  of  work- 
ing In  iron,  although  I  contd  never  ascertain  this  fact  from  those  whom 
I  saw  of  that  tribe.  Being  the  Ishmaelites  of  the  Ucayali  basin,  there 
was  little  to  be  learned  of  them  from  their  neighbors. 

Many  of  the  tribal  names  meationed  by  the  friars  io  their  early  voy- 
ages down  the  Ccayali  are  not  now  to  be  heard  on  that  river.  Some 
have  disappeared  by  war,  others  by  pestilence,  and  some  have  left  for 
"  parts  nnkoown."  The  old  "  Pano  "  lives  now  only  as  a  sort  of  basis 
for  some  of  the  dialects,  especially  thie  Bemo,  Conibo,  Sipibo,  and  Setibo. 
The  langaage  of  the  old  "Omaguas  "  tribe,  which  now  is  rarely  beard, 
is,  I  am  told,  the  most  difBcalt  of  all  to  learo ;  that  one  has  to  learn,  in 
fact,  two  dialects,  the  men  nsing  one  set  of  words  to  express  their  ideas, 
and  the  women  another.  In  a  modified  form  this  is  seen  not  only  io 
the  Qnicbna,  .bnt  some  other  of  the  river  dialects  of  the  Upper  Amazon. 

Daring  my  visit  to  the  river  conntry  of  the  Pampa  del  Sacramento  I 
was  ooable  to  learn  any  traditions  as  to  the  Inca  power  having,  in 
ancient  times,  ever  extended  itself  as  far  east  as  that  portion  of  Peru. 
However,  in  June,  1873,  during  an  expedition  made  np  the  Fachitea  and 
Pichis  Bivers,  which  ftow  through  the  middle  and  soathwest  of  the 
Pampa,  I  discerned,  some  60  miles  np  the  firstnamed  stream,  on  the 
face  of  a  Bandstoue  rock  which  formed  a  surface  some  60  yards  long  by 
40  in  height,  near  the  foot  of  which  Sows  the  river  itself,  a  great  oum- 
l>er  of  representations  cut  into  the  rock,  and  which  could  also  be  dis- 
covered by  digging  away  the  soil  which  had  accnmalated  at  the  foot  of 
this  stony  rampart  Home  of  them  have  a  relation  with  other  relics 
found  in  the  interior  districts  of  Pern.  The  Indians  whom  we  had  with 
OS  had  never  heard  of  or  seen  these  tracings  before,  although  they  had, 
at  least  a  few  of  them,  gone  np  higher  than  this  point,  and  lived  near 
the  month  of  the  Pochitea  Biver  itself. 

It  is  a  very  noticeable  &ct  that  these  tribes  of  the  lover  platforms  of 
the  MootaSa  of  Peru,  and  of  Its  cootinoation  into  Brazilian  territory,  do 
not  seem  to  be  an  aboriginal  race,  or  one  suited  to  their  habitat.  They 
remind  one  of  refugees  from  some  other  clime,  and  have  the  appearance, 
as  to  the  conqoest  they  make  over  the  difSculties  of  their  situation,  of 
"straogers  in  a  strange  land."  The  ease  and  fi«qnency  with  which 
they  move  from  one  part  of  the  river  to  the  other,  according  to  the  stage 
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of  water,  the  HDhomelike  look  of  their  habitations,  the  antilled  oatore 
of  the  soil,  where  vegetation  crowds  np  to  the  very  doors,  the  odoccu- 
pied  character  of  their  life,  their  inability  to  tell  ns  of  themselves,  their 
forefathers,  of  the  scenes  of  the  land  they  live  in,  all  go  to  show  a  for- 
eigQ  extraction  of  not  many  centuiies  past.  In  fact  some  ot  the  tribes 
living  now  ou  the  Ucayali  and  on  the  Marafion  did  come  from  the  slopes 
of  the  Andes  far  away  to  the  northward  in  Ecuador,  and  others  arrived 
there  from  the  npper  country  about  the  Huallaga,  and  Upper  Marauoo  ; 
while  the  name  "Omagaas,"  which  appears  on  tbe  Ktarafioo  in  tbe  name 
of  an  abandoned  village  site,  and  a  member  of  which  tribe  rarely  is 
heard  of  in  this  western  pari>  of  the  great  Amazon  Valley,  comes  fh>m 
the  sonth  and  east  nndei  the  name  of  Topi  or  Goarani.  The  physical 
characteristics  applied  to  this  stock  by  La  Uoadamioe  will  answer  for 
maay  of  the  tribes  encountered  in  this  section  of  South  America.  It 
seems  not  improbable  that  the  oldest  of  the  tribes  living  some  few  cen- 
turies back  in  the  low  country  of  the  Ucayali  and  MaraQon  have  beeu 
replaced  by  the  stronger  red  races  from  the  Andean  slopea,  who  in  their 
turn  have  withered  nnder  the  influence  of  thefr  new  climate  and  its 
debilitating  teodencies.  To  this  cause  for  disappearance  must  be  added 
small  pox  as  a  large  factor.  During  the  past  year  this  scourge  has 
desolated  tbe  river  country  of  the  borders  of  the  Brazilian  and  Peru- 
vian ftoutier,  and  has  caused  tbe  entire  disappearance  of  one  of  the  most 
docile  and  physically  the  handsomest  of  the  tribes  about  the  mouth  of 
the  ^apo,  the  Yagnos,  who  died  by  families,  and  were  eaten  by  the  wild 
beasts  and  birds  of  the  forest  about  tbem.  The  custom  of  piercing  the 
lower  lips  and  the  ears  for  the  purpose  of  placing  wooden  plugs  therein, 
which  was  characteristic  of  the  old  Tupinamba  race  of  Brazil,  is  to  be 
fonnd  now  and  then  among  some  of  the  tribes  of  the  Ucayali  and  the 
yapo,  on  which  latter  stream  tbe  enormoos  dilatation  of  the  lobe  of  tbe 
ear  by  these  plates  is  a  striking  peculiarity  among  one  of  the  tribes  known 
as  the  Ootos.  But  as  far  as  I  oould  learn  there  seems  to  have  t>eeD 
given  to  none  of  the  Ucayali  or  Marafion  tribes  that  organized  faith  in 
religions  matters  which  some  writers  have  discovered  among  the  tradi* 
tiona  of  the  Tupinambas  of  Brazil, 

In  reference  to  the  breadth  of  chest  and  size  of  the  long-case  noticed 
among  the  dwellers  on  the  Andean  slopes,  I  may  state  as  the  result  of 
my  own  observation  that  this  development  is  oftener  to  be  encountered 
among  the  mixed  breeds,  the  cross  of  the  Indian  and  white,  and  more 
patticnlarly  in  the  female,  than  among  the  pure-blooded  Indiaos  whom 
I  have  seen  from  there ;  and  I  am  disposed  to  ascribe  this  to  the  fact  that 
the  female  is  the  burden-carrier  not  only  among  tbe  pure  Indian  races, 
but  also  among  tbe  half-castes  of  Pern,  and  in  her  relations  with  tbe 
whites  has  more  drudgery  of  life  to  perform  in  many  instances.  The 
custom  among  them  of  carrying  burdens  on  the  head,  while  it  cootribntes 
to  expansion  of  the  chest,  gives  them  an  erectness  and  elegance  of  move- 
meut  of  the  body  which  is  freiiuently  noticed.    The  absence  among  the 
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iDdians  of  the  Fampa  del  Sacramento  and  ai^oEDiDg  regions  of  the  mna- 
cnlar  delioeation  In  the  limbs  is  very  characteristic;  the;  seem  to  be- 
coshioned  with  adipose  matter,  which  gives  aroandDess  which  does  not 
disappear  even  when  performing  an  act  of  mnacalar  exertion,  and  the 
contrast  between  this  race  and  the  negro  of  Brazil  is  very  striking.  This 
Toondness  of  figure  is  continaed  in  the  mixed  breeds  of  Indian  and  whit«. 
One  of  the  most  freqnent  and  severely  painfal  affections  among  the 
Indian  races  is  what  is  known  as  "cold  abscesses**  which  form  in  and 
ooder  the  mnscolar  tisane  of  the  body.  They  give  rise  toenormoas  depos- 
its of  pas,  which  entail  greatdebiiity  on  tbeindividnal,  and  which  are  these 
adipose  tisanes  breaking  down,  no  donbt,  nnder  influences  of  depressed 
vitality.  This  softness  of  the  mnscnlar  system  is  also  noticed  in  their 
hands,  which,  although  in  incessant  use  of  the  paddle,  never  seem  to 
acquire  that  horny  hardness  to  be  fonnd  among  a  laboring  class  in  more 
open  and  temperate  regions.  In  the  tribes  living  on  the  MaraBon  bor- 
ders, aboat  the  Ucayali  month,  the  nose  has  a  tendency  to  spread  con- 
siderably at  the  nostril,  nor  has  it  the  arched  appearance  to  be  seen 
among  the  Couibos  and  others  living  higher  up  on  the  TJcayall  Biver. 
The  color  of  the  skin,  too,  is  more  inclined  to  brown  than  red,  and  the 
prominence  of  the  cheek-bones  is  greater.  A  noteworthy  factamong  the 
half-breeds — the  offspring  of  the  Spanish- Peruvian  descendant  and  the 
Indian  of  the  Mouta&aof  Pern — isthe  great  general  resemblance  there  is  to 
the  Chinese  type,  so  much  so  as  to  make  us  often  donbt  whether  there 
may  not  be  sometimes  a  blood  kinship.  This  resemblance  is  fonnd  in 
the  oblique  position  of  the  eye,  the  yellow-white  complexion,  and  the 
tihape  of  the  nose.  This  resemblance  is  one  of  the  most  common  features 
observed  by  strangers  who  are  thrown  among  the  half-castes  of  this 
region. 

The  different  dialects  spoken  by  the  tribes  on  theMaraflon,  Ucayali,  and 
Hoallaga  Bivera,  where  the  Indians  have  been  for  some  time  in  con- 
tact with  the  white  or  half  white  Hispano- American,  are  veiy  much  inter- 
mingled in  conversatioD  with  the  Spanish  langnage,  so  that  persons  who 
are  familiar  with  this  latter  are  enabled  sometimes  to  partially  nnderstand 
the  subject  when  listening  to  the  natives.  The  Mestizos  who  talk  with 
the  natives  alwayfi  use  the  Spanish  largely  in  their  sentences.  I  was 
also  told  that  the  Quichua  spoken  in  that  part  of  Peru  was  much  cm- 
mpted,  sometimes  so  much  so  as  not  to  be  intelligible  to  those  speaking 
the  purer  form  in  uae  about  Oazco. 
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B;  Bev.  StxpHEN  Bowers.* 


The  approximate  geogn^pbical  poeition  of  the  central  portJOD  of  tbia 
islacO  IB  latitude  33°  55"  north  and  longitude  120a  8J'  west.  The 
island  is  fifteen  miles  long  by  ten  milesin  width,  the  general  shape  being 
that  of  a  parallelogram,  and  cootaiDB  about  75,000  acres.  Its  longer 
nxia  is  parallel  with  the  line  of  the  coast  and  the  Santa  Inez  Moont- 
nins,  which  form  the  northern  side  of  Santa  Barbara  Obannel.  The 
channel  between  Santa  Roaa  Island  and  the  island  of  Santa  Craz  has  a 
width  of  five  miles,  and  that  between  Santa  Bosa  and  San  Miguel  a 
width  of  four  miles.  Tbe  depth  of  water  aroand  Santa  Bosa  Island  is 
less  than  that  of  the  other  islands.  Tbe  outline  of  the  island  is  bold, 
and  no  harbor  exists  around  its  shores.  There  are,  however,  seTeral 
places  where  vessels  can  laud,  and  tbe  present  proprietors,  the  Messrs. 
Moore  Brothers,  have  built  a  wharf  on  the  eastern  end  of  the  isluid, 
where  vessels  can  load  and  unload  at  any  time,  except  when  gales  pre- 
vail from  tbe  northeast. 

QeoUgy. — This  island  has  been  described  as  being  composed  of  sand- 
stone, but  tbe  first  thing  we  observed  upon  landing  was  that  the  eastern 
end  of  tbe  island  is  composed  principally  of  volcanic  rocks.  At  the 
wharf  we  found  a  good  exposure  of  strata,  forming  clifb  about  30  feet  in 
heiglit,  tbe  lower  portion,  for  about  15  feet  above  the  sand  of  the  beach, 
composed  of  stratified  sandstone,  fine  grained,  and  destitute  of  fossils, 
with  an  occasional  stratum  of  breccia  or  conglomerate.  These  strata 
have  a  dip  of  from  12^^  to  1^°  southeast.  Tbe  upper  portion  of  the  clilb 
consistsof  a  horizontal  deposit  of  fhigments  of  rhyotite,  trachyte,  vesic- 
ular basalt,  and  white  bituminous  slate.  The  fragments  gradually 
decrease  in  size  from  tbe  bottom  upward,  and  are  cemented  together 
with  volcanic  sand.  The  whole  is  covered  with  a  deep  and  apparently 
good  soil.  In  some  places  the  rock  fragments  in  the  upper  half  of  tbe 
cliffs  have  been  water-worn  and  form  conglomerate.  This  character  of 
rock  extends  IVom  the  wharf  sontbeasterly  to  near  a  saud-i)oint  at  the 
fiontheastern  extremity  of  the  island,  where  it  culminates  in  a  hill  of 
volcanic  rock  175  feet  high.  This  is  exposed  for  some  distance  in  s 
soatherly  direction  from  the  beach  on  tbe  north  side  of  the  point  The 
locks  have  a  tendency  to  weather  luto  odd  and  fantastic  forms,  the 
angular  ones  becoming  rounded  by  disintegration,  irregular  cavities 
and  oaves  being  worn  in  it  by  the  winds. 

'Dr.  Loreozo  G.  Yatee,  of  Centreville,  Cal.,  rendered  me  v^nable 
cx|>luration  or  thisistaDd.    Tlie  geology  is  prioclpall;  compiled  from  Ills: 
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At  tbe  Dortbeastern  eztremitf  the  rock  is  a  coarse,  volcanic  breccia, 
composed  of  porphyritic  and  trappeao  rocks,  baving  a  distinct  stratifl- 
cation,  witb  a  dip  of  3(K>  soatbeast.  Several  spars  extend  out  some  dis- 
tance from  tbe  sbore-line  and  otbers  have  been  worn  away  by  tbe  in- 
cessant beating  of  tbe  surf  nntil  tbey  form  small  rocky  islets,  while  the 
porphyritic  rocks  wbicb  have  weathered  oat  of  the  main  body  of  the 
breccia,  lie  as  smooth  bowlders  at  the  base  of  the  cliffs.  From  this 
point  the  hills  rise  sharply  to  a  height  of  from  250  to  300  feet,  and  rnn 
soathwesterly  to  tbe  main  backbone  of  tbe  island,  which  lies  on  the  line 
of  its  longer  axis.  The  highest  points  on  this  range  were  visited,  and 
the  altitade  was  fonad  to  approximate  1,400  feet  Several  high  peaks 
are  grouped  together  abont  five  miles  south  of  the  wharf,  being  on  the 
sontbern  side  of  the  line  of  the  longer  axis  of  the  island.  Three  of 
these  high  peaks,  lying  within  a  circnit  of  abont  two  miles,  were  meas- 
nred.  Tbe  first  (Black  Moantain)  measured  1,325  feet.  Grossing  over 
a  depressioD  350  feet  below  the  first  snmmit,  rhyolite  and  white  bita- 
miooos  slate  oocnrs.  Tbe  next  peak  soath  (Saddle  Mountain)  is  abont 
lOU  feet  higher  than  tbe  first.  Between  this  point  and  tbe  hills  on  the 
,  soatheasterly  side  of  the  Cafiada  la  Graz  limestone  occurs  in  tbe  bed 
of  tbe  creek,  with  ostrea  titans  and  other  Miocene  fossils.  Sontbeast- 
erly  from  Saddle  Mountain,  and  lying  between  CaSada  la  Omz  and  tbe 
ocean,  there  is  an  Intmsion  of  syenite,  the  extent  of  wbicb  we  did  not 
ascertain ;  nor  did  we  discover  the  line  of  janotare  between  the  Mio- 
cene and  Pliocene. 

On  the  north  side  of  tbe  island,  abont  ten  miles  from  the  wharf,  and 
near  the  month  of  Soledad  OafloD,  there  is  a  fine  exposure  of  strata, 
consisting  ef  about  90  feet  of  Post  Pliocene  deposit,  containing  fossil 
bones  of  vertebrates,  and  at  one  place  fossil  pbysas,  at  a  depth  of  some 
75  feet  below  the  surface.  This  deposit  is  borizontal  and  overlies  strata 
of  older  rocks,  probably  Pliocene,  which  dip  13°  northeast^  and  contain 
Peotau  and  TiirMn«IIa«  in  abundance.  From  this  point  to  the  north- 
western extremity,  and  around  the  west  end  of  tbe  island  to  the  point 
where  the  main  range  of  monntains  meets  the  ocean,  the  shifting  sands 
have  covered  tbe  rocks,  obliterating  all  other  writings  of  time  in  the 
geologic  formation. 

Sittory. — The  first  written  account  of  this  island  and  its  inbabitants 
is  that  of  Juan  Bodrignez  de  Oabrillo,  a  Portagoese  navigator  in  tbe 
employ  of  Spain.  He  reached  this  group  of  islands  October  7, 1542, 
and  spent  nearly  six  months  here  and  on  the  main-land.  He  died  here 
and  was  buried  on  one  of  the  islands  on  the  south  side  of  Santa  Barbara 
Channel*  most  probably  San  Migoel. 

Cabrillo  describes  Santa  Bosa  Island  as  filled  with  inhabitants,  who 
differed  in  some  respects  from  those  living  on  the  main-land,  and  spoke 
a  different  language.  The  women  were  comparatively  white,  very  hand- 
some, and  of  retiring  and  modest  demeanor. 

The  cause  of  the  decline  and  final  extinction  of  this  race  is  varioosly 
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Stated.  The  old  Jesaits  of  Santa  6arbai«  Mission  informed  Mr.  Taylor 
that  a  ceotary  ago  the  Bassians  were  in  the  habit  of  visitiag  this  island 
for  the  far  of  the  sea-otter,  then  very  abandant  here.  They  broagbt 
with  them  natives  from  Alaska,  whom  they  left  on  the  island  daring 
the  winter  months,  having  taaght  them  the  ose  of  fire-arms.  These 
fellows,  in  the  absence  of  the  Buseian  ships,  amnsed  themselves  in 
shooting  the  defenseless  inhabitants.  Mr.  Taylor  thought  that  in  this 
way  we  can  acooant  for  the  nnmber  of  skeletons  whioh  lie  exposed  in 
different  portions  of  the  island.  Another  acconnt  is  that  the  Boeaiana 
themselves  killed  them  ofT  in  vast  numbers  in  order  to  obtain  the  fan 
they  had  accamnlated. 

Still  another  account  is  to  tbe  effect  that  a  destractive  fomine  pre- 
vailed, reducing  tbe  number  from  many  thoasands  to  a  few  score  of  in- 
dividaals. 

In  examining  their  bnrying-placea  we  fonnd  many  sknlls  which  had 
been  broken  by  violence,  bnt  none  that  seemed  to  have  been  penetrated 
by  bullets.  This  was  especially  trae  of  those  buried  Just  beneath  the 
surface.  But  as  other  tribes  inhabited  adjoining  islands,  they  were 
probably  sometimes  engaged  in  war,  which  may  acconnt  for  tbe  perfo-, 
rated  and  fractured  skulls.  A  famine  of  food  could  hardly  occur,  as  the 
inhabitants  depended  largely  on  the  sea  to  yield  them  food.  MolloskB 
are  still  -abnudant,  as  well  as  whales,  sea-lions,  seals,  and  sea-otters; 
also  varioas  kinds  of  fish  and  water-fowl.  The  only  possible  cbaoce  fi>r 
a  famine,  we  can  see,  would  be  in  the  drying  ap  of  tbe  springs  and 
fresb-water  streams,  now  abaodant  in  tbe  island.  In  a  large  buiyiog- 
place  in  the  western  portion  of  the  island  we  found  bamao  bones  oocar- 
ring  near  the  surface,  which  were  broken  lengthwise,  as  if  to  extract 
tbe  marrow ;  and  in  tbe  same  place  we  found  the  skeletons  of  as  many 
as  fifty  children,  who  would  probably  be  tbe  first  to  die  in  case  of  a 
famine.  The  stumps  and  roots  of  many  trees,  indicating  about  the 
same  age,  may  be  still  seen  in  various  portions  of  tbe  island,  and  dead 
laud-shells  {Helix  ayersiana)  in  multiplied  millions,  all  of  wbich  mast 
have  been  destroyed  by  a  long  drought  many  years  ago.  At  all  events, 
about  the  year  1816  tbe  inhabitants  of  this  island  were  reduced  to  a 
few  individuals,  and  were  removed  by  tbe  priests  of  ttaeBomish  mis- 
sions to  the  main-land.  They  were  placed  in  the  mission  of  the  Pnris- 
sima,  in  the  western  part  of  what  is  now  Santa  Barbara  County.  One 
individaal,  an  old  man,  and  tbe  last  survivor  of  his  tribe,  was  visited 
by  Dr,  J,  L.  Ord  a  few  years  since.  This  man's  name  was  Omsett, 
and  he  said  bis  tribe  was  called  Chnmas.  When  visited  by  tbedoctor  (to 
whom  I  am  indebted  for  tbe  old  man's  narrative  respecting  his  people), 
through  very  old  and  entirely  blind,  he  was  quite  intelligent,  and  spoke 
Spanish  fluently.  Ho  represented  bis  tribe  as  being  very  numerous 
previous  to  the  ailveut  of  tbe  Spaniards,  They  were  atroug,  well-built, 
good  swimmers,  and  fine  fishermen.  They  made  their  hooka  from  the 
shell  of  the  kaiioti&f  bad  canoes  made  from  the  skins  of  sea-lions,  and 
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also  from  the  pine  aod  large  redwood  logs  foand  od  the  beach  ;  Dsed 
spears  in  killing  the  whale,  the  blubber  of  which  they  ate  raw.  Accord' 
iDg  to  this  old  lodian's  account,  their  idea  of  a  fntnre  Btat«  was  some- 
what obsonre.  They  worshiped  the  sun,  the  crow,  and  the  sword-fish. 
The  sou  they  worshiped  morning  and  evening,  and  as  the  soarce  ol 
light  and  heat.  The  eword-flsh  was  worshiped  becanse  it  broaghl 
them  the  whale,  as  they  were  nnmerons,  and  united  with  the  "orca," 
or  killer,  in  killing  or  driving  these  monsters  ashore.  Their  object  in 
worshiping  the  crow  is  not  so  clear. 

Nearly  all  their  food  they  ate  raw,  it  being  principally  of  fish  and 
moUasks.  They  pitched  their  boats  with  asphaltam.  They  carried 
on  considerable  trade  in  shells  with  the  Indiana  in  the  interior,  who 
wonld  manufacture  them  into  money  and  oniamenta  that  were  highly 
prized  by  both  sexes,  especially  the  females.  The  language  spoken 
by  the  "  Gbamas"  was  different  from  that  spoken  on  the  main-land. 

Antiquitia. — A  large  portion  of  this  islaod  appears  as  a  vast  rancbe- 
ria,  and  it  once  donbtleas  supported  a  vest  population.  Jast  west  of 
the  wharfs  rancheria  begins  and  extends  for  the  distance  of  two  miles, 
stretching  across  a  point  of  land  which  projects  into  the  sea.  This  old 
Tillage  or  rancheria  has  an  average  width  of  about  one  mile.  The  sand 
lias  drifted  over  it  in  many  places,  and  in  others  the  soil  has  been 
removed  by  westerly  winds  until  many  skeletons  are  exposed,  and 
hamao  bones  are  scattered  promiscaously  over  the  surface.  Some  idea 
may  be  formed  of  this  extensive  shell-heap  when  I  state  that  over  the 
entire  rancheria  shells,  bones,  and  other  kitchen  dSbrii  have  accumu- 
lated to  the  depth  of  several  feet. 

Owing  to  the  Inxnrions  vegetation,  the  burial  places  were  not  readily 
found,  bat  those  examined  yielded  many  skeletons.  The  implements 
were  not  numerous,  and  were  generally  broken  when  buried.  The  in- 
habitants seem  to  have  been  an  indigent  race,  living  in  mnch  greater 
poverty  than  those  on  the  mainland.  Incioding  fossils  and  some 
alcoholic  specimens,  we  obtained  abont  one  ton  of  specimens. 

The  specimens  from  the  graves  and  shell-heaps  consisted  of  mortars 
manoractnred  from  sandstone;  one  oi/a carved  firom  crystallized  talc  and 
nsed  for  cooking  purposes ;  one  pipe,  cone-shaped,  and  abont  six  inches 
long,  with  bone  mouth-piece  inserted  in  the  smaller  end ;  pestles  of  sand- 
stone ;  perforated  disks  from  the  size  of  a  silver  half-dollar  to  five  or  six 
inches  in  diameter.  These  were  used  in  games.  It  required  either 
three  or  four  to  play  a  game  with  these  disks.  Two  individnals,  stand- 
ing at  a  given  distance,  rolled  the  disk  rapidly  upon  the  ground  between 
them,  while  one  or  two  others  stood  at  the  side  with  sharpened  sticks 
and  caught  the  disks  as  they  were  whirled  rapidly  by.  We  also  found 
a  conical  disk,  which  was  probably  used  in  spinning.  Spear-points, 
arrow-heads,  knives,  drills,  &c.,  of  chert  were  common.  We  found 
.wampum,  bemls,  and  a  great  variety  of  ornaments  mannfactnred  from 
shells.    The  OUvella  btplicata  is  nsed  from  which  to  manufacture  warn- 
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pnm,  tlie  Paehydesma  crassatellotdet  for  beads,  and  tbe  HaXiotia  for  orna- 
ments. Tho  Bpeoimens  ia  bone  were  principally  vhisUeB,  perforators, 
needles,  &c.  We  foand  a  bone  impIemeDt  some  eigbteea  ioobeB  long 
and  sbaped  like  a  batcher's  cleaver ;  also  bone  swords  or  spears. 

Although  more  than  sixty  years  have  elapsed  since  the  last  survivors 
left  this  island,  yet  the  material  of  which  their  houses  were  constnioted 
remains  undecayed.  A  circular  excavation  was  made  to  the  depth  of 
three  or  foar  feet,  aronnd  which  the  riba  of  whales  were  planted  point- 
ing inward  at  the  top,  and  covered  with  "  sea-grass."  Those  we  exam* 
ined  bad  fallen  inward,  and  tbe  bones  and  grass  were  covered  with  d£bra 
to  the  depth  of  a  foot  or  more,  bat  perfectly  preserved.  Id  many  in- 
stances they  had  used  the  circular  depressiooB,  where  these  dwellings 
had  been  erected,  for  barial  places. 

It  waa  not  annanal  to  find  the  teeth  very  irregnlarlj  set  in  tbe  jaw, 
and  sometimes  an  extra  tooth  woald  appear.  This  probably  gave  rise 
to  the  story  of  skalls  having  beeo  found  on  this  island  with  doable  rows 
of  teeth.  I  have  fieqaeotly  beard  this  related  of  the  Indiana  that  once 
inhabited  this  island  and  the  main-land,  but  after  exhamiog  some  5,000 
sheletona,  daring  eight  or  nine  months'  explorations  in  this  porUon  of 
California,  I  failed  to  meet  with  a  single  case  of  the  kind,  nor  have  I 
been  able  to  loEwn  of  a  well-authenticated  iostance  of  sach  a  find.  In 
some  instances  the  sknlle  indicated  great  longevity.  The  bones  were 
generally  large,  and  tbe  markingB  of  the  tnoscalar  attacfanwDts  indi- 
cating a  very  stout  race  of  people. 
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Br  Dr.  Thos.  A.  McParun,  Surge-m,  United  StaUi  Armg. 
(ComniDDicalad  by  General  J.  K.  Daruw,  Sargeoa-Qeueral,  United  States  Aroif .) 


HISTOET  OF  NEW  MEXICO. 

What  is  DOW  known  as  JSew  Mexico  has  bad  a  varied  history.  First, 
the  home  of  oomadic  Indiana,  perhaps  as  peaceable,  loving,  and  tracta- 
ble as  those  flrst  described  byColumbns.  Gold  and  silver  and  the  quest 
of  precions  jewels,  like  the  Golden  Fleece,  brought  over  the  Spaniards, 
and  with  them  Mother  Obnrch.  Id  1540  Francisco  Yasquez  Ooron- 
ado  came  to  the  coantry  with  an  expedition.  He  fonnd  some  of  the 
Indians  nomadic,  and  others  living  in  settlements,  and  among  them  he 
describes  Cicny4,  extending  along  the  river  for  six  miles,  and  the  soil 
cultivated  by  the  Indians,  from  che  mountains  as  fur  west  as  the  present 
town  of  AgnaFria.  This  pueblo  and  cultivated  valley  correspond  with 
what  was  afterward  named  after  the  patron  saint,  San  Francisco  de 
Am8  de  Santa  F^.  Ae  it  is  at  least  four  hnndred  years  old  as  a  town, 
(how  much  older  it  may  be  there  are  no  means  of  determining,)  it  is 
much  older  than  San  Augustine,  Fla.,  founded  in  1565,  or  Any  other 
town  on  this  continent 

In  1546,  during  the  empire  of  Oharles  V,  it  was  determined  to  encour- 
age the  settlement  of  the  Indians  in  towns  in  order  to  protect  the  Pu- 
eblo Indians.  New  Mexican  Pueblo  traditions  accredit  Montezuma  with 
having  gone  sou*h  from  this  Territory,  and  with  his  people  the  substan- 
tial evidences  of  gold  and  precious  minerals  gave  the  Mexicans  and 
their  conquerors,  under  Cortez,  the  iuformation  that  their  gold  came 
from  the  north,  and  with  precions  minerals  existed  here  in  great  quan- 
tities. 

The  Indians  were  compelled  by  the  Spaniards  of  this  country  to  dig 
the  mines  in  all  paris  of  the  Territory,  to  carry  water,  and  pack  ores  and 
fuel  on  their  bocks  to  the  furnaces  -,  aiid  in  consequence,  after  the  rebel- 
lion in  1680,  when  they  drove  the  Spaniards  out,  they  filled  np  and  care- 
folly  concealed  all  evidences  and  traces  of  the  mines  tbey  bad  worked 
80  successfully.  When  in  1704  the  Spaniards  revisited  New  Mexico, 
the  Pueblos  entered  into  a  compromise  "  by  which  the  Spaniards  were 
permitted  to  return,  but  with  the  positive  and  express  condition  that 
they  should  not  open  the  mines  or  prosecute  mining  as  a  pursuit." 

Hence  it  is  probable  that  the  richest  mines  iu  this  country  are  yet  to 
be  discovered ;  and  it  is  certain  that  but  for  the  scarcity  of  water  very 
many  now  known,  but  only  imperfectly  worked,  woald  be  very  product- 
ive. The  records  of  the  ancient  mine  near  Abiquin,  derived  from  an 
21  s 
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old  cliurch  near  by,  abow  that  10  per  cent,  in  titbes  collected  rrom  it 
anioiiiited  to  $10,000,000.  No  mining  of  any  extent  bas  been  prosecated 
in  IbU  mine  since  1G80.  Gold,  silver,  and  coal  and  tnrqaoise  are  fonnd 
nenr  Sauta  F^;  and  from  this  conntry  an  annsnally  largc.and  valuable 
turquoise  was  seut'to  the  Emperor. 

Pedro  do  R*raIto  was  governor  iu  1600;  in  10*0  General  Arguello 
was  governor  and  ciptain -general,  resident  at  Santa  ¥6  as  the  capital ; 
General  Ooucba,  iu  1650;  Henrique  de  Abila  y  Pacheco,  in  1C56;  Jusn 
Fiancisco  Jnnio,  in  1676 ;  Antonio  de  Otermin,  in  1680-'83. 

Tbe  Indians  rebelled  first  in  1583  and  again  in  1680,  and  on  tbe  nigbt 
of  tbe  20th  Augast,  1680,  Otermin  eracnat«d  the  place  and  marched 
to  El  Paso,  arriving  there  October  1. 

In  16S1  tbe  viceroy  at  Mexico  dispatched  General  Otermin  from  El 
Paso  with  an  army  to  recapture  the  capital ;  but  after  reaching  La  Ba- 
jada,  21  miles  from  Banta  F6,  he  gave  np  the  enterprise,  finding  the 
Paeblos  concentrated  to  resist  him.  In  1692  the  viceroy  commissioned 
Diego  de  Vargas  Zapata  Lnjan  Poooe  de  Leon  as  governor  and  captain- 
geoeral  of  Kew  Mexico,  who  fought  and  overcame  the  Pueblos  Septem- 
ber 13  of  that  year  and  entered  int^  Santa  F6.  After  the  re-establish- 
meot  of  Spaoieh  supremacy  he  returned  to  El  Vaeo,  reacbing  there  De- 
cember 20, 1602,  and  returned  December  16, 1693,  to  Santa  F6,  where  his 
occupation  and  re-entry  was  disputed,  and  a  battle  waa  fought  oo  Christ- 
mas-day. The  next  day  be  took  formal  possession  of  Santa  ¥6,  in  tbe 
name  of  King  Charles  II. 

After  the  reconquest  by  the  Spaniards,  the  Pueblos  (twelve  towns 
on  the  Bio  Grande  or  in  tbe  vicinity)  made  their  sabmission  and  were 
subject  until  1837,  when  they  rebelled,  on  account  of  a  tax  on  tobacco 
and  other  articles  laid  by  Governor  Albino  Perez.  Aft«r  fighting  a 
battle  with  the  Pueblos  at  Santa  Cmz  de  la  Canada,  he  was  beaten, 
returned  to  tbe  snbnrba  of  Santa  F6,  where  be  was  overtaken  and  as- 
sassinated, Aagnst  9,  1837. 

In  1838,  Mannel  Armijo  was  recognized  as  governor,  and  continued 
so  until  the  capital  was  taken  possession  of,  in  the  name  of  the  United 
States,  by  General  Stephen  W.  J.  Kearney,  TJ.  S.  A.,  August  18, 1846. 
General  Kearney  occupied  tbe  palace,  a  building  now  in  existence,  and 
which  was  erected  prenons  to  tbe  year  1581,  being  built  then  of  mate- 
rial of  the  old  Indian  town,  (Oicuy6.)  Since  his  time  it  has  been  occu- 
pied succewsively  by  Ool.  John  M,  Washington,  Ool,  John  Monroe  and 
Col.  E.  V.  Sumner,  as  military  governors,  until  March,  1851,  when  theez- 
isting  territorial  government  was  initiated. 

Tbe  office  of  the  Secretary  of  State  contains  several  extended  docu- 
ments, in  Spanish,  upon  the  history  of  the  conquest,  occupation  and 
reconquest  of  the  country.  From  lAese  and  the  works  written  upoo 
New  Mexico  by  Mr.  Elias  Brevoort,  Gov.  W.  F.  N.  Amy,  Mr.  D.J. 
Miller,  and  General  Davis,  tbe  atndeot  mny  find  ample  material  in 
interesting  inquiry. 
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Formerly  a  joaroey  across  the  plains,  a  distance  of  700  miles  from 
the  frontier  of  Missoori,  reqniring  a  life  in  the  open  air,  traveling  with 
a  wogon-train,  amid  hostile  Indians,  from  May  to  Jnly,  wns  necessary 
to  reach  Santa  F^.  Many  pnlmonary  iovalids  came  ont,  living  on  game 
and  baffalo-meat,  gradually  ascending  day  by  day  to  the  level  of  8,000  feet 
in  the  Rocky  Mountains.  They  were  undoubtedly  in  the  great  m^onty 
of  cases  benefited,  while  many  recovered  from  threatened  consumption. 

Two  railroads  now  bave  advanced  to  within  220  miles  of  Santa  F4,  at 
Bl  Moro,  near  Trinidad,  and  it  is  expected  that  by  May  1, 1877,  the  Den- 
ver and  Rio  Grande  Railroad  will  be  completed  to  Fort  Unrland,  luU 
miles  fh)m  Santa  F^.  The  line  of  dnily  stages  now  mns  from  Santa  F6 
to  El  Moro  in  36  hours. 

Kow  the  traveler  posses  over  tbe  plains  on  the  railroad,  and  at  once 
begins  traversing  the  Bat«D  Mountain  chain  and  then  tbe  spars  of  the 
Rocky  Monntains.  The  old-fashioned  trip  across  the  pifuns  is  deprived 
of  many  advantages  to  the  invalid  above  mentioned ;  although  in  some 
cases  it  is  (especially  to  the  timid  valetudinarian)  compensated  by  an 
earlier  and  more  comfortable  transit. 

The  altitude  of  Las  Animas,  (Fort  Lyon,)  4,000  feet,  and  of  Trinidad, 
5,000  feet  above  the  sea,  baa  been  quite  beneficial  to  such  as  require  a 
gradual  approach  to  a  higher  level. 

They  are  accessible  by  railroad,  and  comfortable  accommodatiooB  are 
to  be  had  at  both  places. 

After  reaching  Fort  Garland,  nearly  S,(i00  feet  above  the  sea,  or 
Santa  F^,  6,846  feet,  nny  less  degree  of  elevation  can  be  obtained  by 
going  southward  down  the  valley  of  tbe  Rio  Grande  toward  El  Paso, 
3,600  feet  of  altitude ;  and  at  every  step  southward  a  milder  summer 
climate  will  be  fonnd. 

A  portion  of  New  Mexico,  the  Mesilla  Valley,  acqnired  in  1843  under 
tbe  Gudsden  treaty,  hiis  of  late  years  developed  features  of  nnnsual 
interest  on  account  of  its  mine.o,  minerals,  pasturage,  fertility  and 
climate.  It  is  between  tbe  tliirty-third  and  thirty-first  and  a  half  par- 
allels of  latitude,  is  about  70  miles  long,  from  1  to  6  miles  wide,  and 
contains  about  2Sl)  squard  miles;  embracing  the  towns  of  Dona  Aon, 
(popnlatioQ  1,000,)  Las  Oruces,  (2,000,)  Mesilla,  (2,000,)  and  others  of  less 
size. 

The  air  is  mild,  snow  being  very  r.irely  seen,  with  a  bright  daily  sun- 
sbine  in  about  SCO  days  of  the  year.  Vegetation  driea  rather  than  rots ; 
meat  is  cared  without  salt  iu  the  open  air;  and  it  presents  to  the  inva- 
lid the  advantages  of  a  very  moderate  altitude,  varying  from  about 
4,000  feet  near  the  UioGrande  to  about  7,000  feet  in  the  high  cattle-ranges 
of  the  Ouaduloape  and  other  mountains.  The  valley  is  protected  by 
the  mountains  from  tbe  cold  winds  prevailing  from  the  north. 

I  know  of  one  asthmatic  patient  who  abandoned  the  Pacific  const  (o 
join  a  friend  in  Mesilla,  who,  similarly  aSected  in  every  other  locality, 
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bad  wanted  bim  to  join  bim.  His  friend  had  seenrcd  the  desired 
climatic  relief  and  taken  np  bis  residence  tbere. 

Tbe  dryness  of  tbe  air  in  the  Lower  Rio  Qraude  and  Mesilla  I  bftvc 
no  doubt  is  not  exaggerated.  During  the  past  year  I  had  occasion  to 
see  tbe  body  of  an  individual  wlio  died  on  the  southern  plains  (of  starva- 
tion, it  is  said)  several  (perhaps  seven)  years  ago.  The  body  was  found 
Bomo  time  after  death,  and  had  been  buried  near  Fort  Craig.  It  was 
disinterred  for  remnvat  to  tbe  national  cemetery  here  in  1875,  and  pre- 
sented a  remarkable  preservation  by  desiccation.  Tbe  process  it  had 
nndergone  was  what  I  would  term  mummification,  and  reminded  me 
of  tbe  accounts  of  what  occurs  to  the  bodies  of  tbe  dead  when  aban- 
doned in  the  deserts  of  Lybia  or  Arabia. 

The  Mesilla  Valley  is  said  to  produce  a  fine  variety  of  grape,  with 
juices  heavier  than  from  tbe  grapes  of  Madeira  and  Portugal,  as  the 
grapes  remain  on  the  vine  until  they  commence  to  dry  before  being 
pressed ;  and  the  wort  contains  as  much  sugar  as  tbe  sweetest  of  Mal- 
aga, (Brevoort.)  Wben  dried,  they  make  a  good  raisin.  The  almond- 
tree,  peacb,  apple,  pear,  qaiuce,  apricot,  are  raised  tber?,  and  all  kinds 
of  garden-plants;  and  probably  game  is  as  abundant  as  elsewhere  in 
the  conntry. 

Mesilla  may,  I  think,  be  considered  a  very  f.ivorabli3  locality  for  pul- 
uionary  invalids.  Tbe  trip  across  tbe  plains  iind  to  Xew  Mexico  may 
be  contrasted  and  compared  with  interest  to  the  invalid  with  that  which 
might  he  experienced  in  old  Mexico.  The  journey  from  Vera  Cmz  to 
Mexico  is  made  by  rail  in  fifteen  hours.  The  ascent  is  7,459  feet,  (to 
the  highest  point  on  tbe  road  8,318  feel,}  and  is  made  in  ten  boors. 
"Alany  travelers,  thoogh  in  health,  (^lys  Prof.  B.  B.  Peaslee,)  experi- 
ence a  decided  dyspnoea  on  reaching  these  altitudes,  especially  in  mak- 
ing any  considerable  exertion,  on  account  of  the  rarefaction  of  the 
atmosphere,  though  no  amount  of  effort  produces  much  sensible  per- 
spiration. The  consequences  in  cases  of  pulmonary  emphysema  or 
asthma  dependent  upon  canliac  affections  arc,  as  might  be  expected, 
not  favorable.  Asthma  depending  on  derangement  of  the  stomach, 
however,  is  sometimes  cured.  Chronic  bronchitis  also  is  not  likely  to 
t>e  relieved  at  this  altitude,  combined  with  the  dampness  I  have  men- 
tioned." 

Bnt  ail  these  are  alleviated  by  a  residence  at  a  lower  altitude,  the 
point  suitable  for  sucb  cases  being  found  at  Vera  Crnz  or  between  that 
city  and  the  altitude  of  Cordovii  or  Orizaba,  i.  e.  2,700  to  4,UU0  feet. 
(New  York  Medical  Record,  No.  286,  April  29, 187C,  p.  291.) 

Tbe  sit  uatiou  of  tbe  Mexican  peninsula  between  the  Atlantic  and  Pa- 
cific Oceans,  and  the  nearness  of  all  its  cities  to  one  or  other  ocean,  is 
very  different-,  however,  from  that  of  theinland  nature  of  New  Mexico; 

'  The  pKMDt  city  of  MflKico  was  built  npon  gronoda  formerly  covered  b;  Lake 
Tezcnoo,  and  ioto  wbicb  it  is  dcnioeO.    (See  New  York  Medical  Beconl,  April  87, 167C 
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and  espt'dally  iu  tbe  dryness  of  tbeatmo^bcre  of  our  contineDt  is  tlie 
patient  interested. 

Witli  nil  the  dampnoss  foaad  at  the  city  of  Mexico,  it  is  stated  by  Dr. 
Peaslec  that  "Phthisis  is  not  indigenons  in  that  city,  and  it  is  Dot  sel- 
dom arrested  ia  those  who  come  here  from  the  north.  A  member  of  the 
Mexican  Congress  assured  me  that  the  natives  do  oot  die  of  phthisis, 
and  that  the  lives  of  phthisical  patients  from  tbe  north  are  usnally  much 
prolongei)  by  a  permanent  residence  here."  [Ibid.,  p.  291.)  lie  tbinks, 
bowercr,  it  presents  no  special  advantage  to  phthisical  or  broncbitic 
patients,  and  he  cannot  recommend  it  to  snch  as  a  winter  residence. 

Bat  there  are  other  places  of  lower  nltitade  in  this  country  (Mexico) 
which  be  believes  to  be  fully  equal,  and  in  some  respects  even  snperior, 
to  any  of  tbe  fitmons  resorts  abroad,  mentioning '-Gordorn  (ultitnde 
3,715  feet)  and  Orizab:i,  (4,030  feet.)  both  presenting  a  tropical  climate 
and  all  its  productions  and  tbe  most  grand  and  pictnresqao  scenery. 
Cordova  has,  moreover,  sometimes  been  visited  by  yellow  fever.  Jnlapa 
also,  now  accessible  by  railroad,  is  doubtless  equal  to  either  of  these 
places  as  a  sanitarium  for  this  class  of  patients,  and  as  a  residence  is  one 
of  the  most  beautiful  places  on  earth.  Its  great  humidity  may,  however, 
render  it  nnsaitabloto  some  cases,  and  the  sndden  chill  of  the  northers 
mnst  also  be  guarded  against  iu  these  places.  But  Caemaraca,  00 
miles  south  of  Mexico  and  not  accessible  by  railroad,  baa  an  altitude  of 
5.42S  feet,  and  tbe  same  climate  and  productions  as  Orizaba,  and  is  far 
more  desirable.  In  addition  to  these,  Tetecala,  not  fur  from  Cnerna- 
vaca;  Atlixco,  23  miles  from  Paobia,  and  Monterey,  are  mentioned  by 
Dr.  Peaslee,  though  the  latter  is  only  accessible  by  a  tedionsjonmey  by 
diligence." 

It  may  be  interesting  to  compare  with  the  climate  of  Mexico  that  of 
Colorado,  Utah,  New  Mexico,  and  Texas.  Whatever  may  be  lost  of  tbe 
tropical  air  and  productions  as  we  go  northward  from  Mexico  may  be 
more  than  made  up  by  the  dryness  of  tbe  atmosphere,  a  short  wet  sea- 
son, and  diminished  rainfall. 

In  some  localities  dnst-storms  nro  sufficiently  prevalent  to  be  prejudi- 
cial, on  accoant  of  the  irritation  they  occasion  to  the  air-passages.  Id 
Texas  the  heat  of  summer  i»  extreme,  and  the  sudden  vicissitndes  of  tem- 
peratare  and  moisture  and  extreme  chill  produced  by  northers  are 
worse,  perhaps,  thao  in  Mexico.  Id  Utah  (see  Report  of  Surgeon  "E.  P. 
Yollam,  Circular  No.  8,  SnrgeonQenerars  Office,  May  1, 1876,  p.  843)  the 
humidity  is  marked  iu  the  spring  months,  arising  from  the  winds  passing 
over  Great  Salt  Lake  from  the  northward,  bringing  the  watery  vapors 
not  only  from  that  great  body  of  water,  bat  also  from  the  regions  twyond, 
supplied  by  the  southwesterly  currents  that  are  seen  to  pass  over  at  a 
great  altitude  most  of  the  winter  long.  This  statement  is  true  as  to 
tbe  climate  of  Camp  Douglas,  2^  miles  east  of  Salt  Lake  City,  and  at  an 
altitude  of  1,904  feet  above  the  sea. 

"Great  Salt  Lake,  with  a  shore-line,  exclusive  of  offsets,  of  291  miles, 
is  vast  enough  to  furnish  a  horizon  in  places  like  the  ocean  itself 
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In  Dr.  Vollum's  special  report  on  the  diseasea  of  tJtali,  (ibid.,  pp.  S41- 
343,)  lie  regards  tbo  altitude  and  climate  of  Utah  on  plithisis  ns  favor- 
able. *  *  "If  a  case  comes  here  in  the  incipient  stage,  and  is  veil 
sitaatcd  for  comforts,  that  it  will  get  well  spontaneoustj  from  the  bene- 
ficial effects  of  this  altitude  and  the  inland  dry  character  of  Ihe  iitmos- 
lihere.  It  is  the  boast  of  the  people  that  this  is  not  a  consumptive  conn- 
try,  which  is  my  opinion  decidedly.  On  the  other  hand,  it  is  believed 
thttt  if  a  patient  comes  here  in  the  later  stages  of  the  disease,  that  the 
atmosphere  is  too  rare  to  give  the  proper  support,  and  that  the  case  will 
be  hastened  to  a  termination  more  speedily  than  on  the  sea-coast.  *  * 
The  beneficial  inflnence  of  this  climate  on  asthma  is  decided  and  deserves 
n  prominent  mention.  It  is  also  the  boast  of  the  people,  ns  well  as  the 
physicians,  that  asthma  cannot  exist  here,  excepting  under  n  relieveU 
and  modified  condition ;  which  I  think  is  the  case." 

Very  many  invalids  are  attracted  annually  to  the  mineral-waters  of 
Maniton,  Colorado,  (6,370  feet  above  the  Bea.level,  and  8,000  below  the 
anmrnit  of  Pikers  Peak,)  where  there  are  several  springs  containing  cai- 
bonicacid  and  carbonate  of  soda,  (ae  the  Kavnjoe,  Manitou,  and  Dte 
soda;)  purging  carbonated  soda-waters,  modified  by  the  presence  of  sul- 
phate of  soda  and  potash,  as  the  "  Little  Chief"  nod  "Shoshone;"  and  fer- 
ruginous carbonated  soda-waters  containing  carbonate  of  iron,  as  in  ihe 
"  Iron  Ute"  and  the  "  Little  Chief"  mineral  springs. 

In  a  memoir  (Saint  Louis,  1875)  on  tbo  climate  of  this  region,  by  S. 
Edwin  Solly,  M.  R  C.  S.,  (late  house  sargeon  to  St.  Thomas  Hos- 
pital, London,)  reference  is  mode  to  the  decrease  of  pressure  in  a  rarefied 
atmosphere,  causing  a  diminution  of  the  gases  of  the  blood  and  lymph, 
and  this  probably  checks  the  advance  of  phthisis,  as  nuquestlonably 
beneficial  io  certain  coses.  In  phthisis,  where  the  weakness  is  not  ex- 
cessive but  there  is  anaemia  and  waut  of  assimilation,  a  high  elevation 
with  a  moderate  supply  of  stimulants  and  a  course  of  cold  douches  is 
generally  beneficial.  The  greater  dryness  of  mountain  air  acts  bene- 
ficially on  phthisis,  probably  for  tbo  most  part  in  the  manner  indicated 
by  Dr.  Herman  Weber:  "  We  may  here  mention  that  although  the  loss 
of  moistnre  to  the  whole  organisai  may  not  be  greater  in  high  than  iu 
low  elevations,  yet  the  acknowledged  greater  loss  through  tlie  lungs  may 
he  accompanied  by  local  effects  in  certain  morbid  conditions  of  the  res- 
piratory organs,  as  well  as  by  producing  a  more  active  cireulation  in  the 
Inngs  in  order  to  supply  the  required  moisture,  as  also  by  favoring  a 
kind  of  drying  vp  of  aur/acei  secretiug  a  morbid  amount  of  mucus  and 
pus,  and  also  of  moist  exudations  within  the  tissue.  Possibly  the  im- 
provement in  many  cases  of  chronic  catarrhal  pneumonia  may  be  pro- 
duced  by  this  increased  afflux  of  blood  and  increased  loss  of  moisture.*' 

"  Yery  highly  situated  places  are  adapted  for  winter  treatment  (of 
phthisis)  on  account  of  the  greater  number  of  clear  days."  (Brann.) 
And  for  another  reason  they  are  specially  desirable  in  tbo  winter;  be- 
cause in  high  elevations  there  is  less  moistnre  during  the  winter  than  at 
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any  other  seasoD  of  tbe  year,  nnd  therefore  the  air  being  dry,  the  greater 
actnal  csid  than  in  lower  climates  is  felt  less  severely,  and  if  the  body 
is  warmly  clad  the  lowness  of  tbe  temperatare  exerts  only  its  tonic  infla- 
eoce.  Tbe  air  being  rarefied,  the  san  has  a  mach  greater  inflnence,  be- 
ing more  constantly  visible  in  monntainons  districts,  and  enables  the 
eofeebled  invalid  to  spend  several  hoars  almost  daily  in  the  sanshine 
with  very  great  advantage.  (Page  32,  "  Manitou,  Colorado,  U.  S.  A.; 
its  mineral- waters  and  climate."  Saint  Louis,  J.  McEittrick  &  Co., 
18*5.) 

Dr.  Solly  refers  to  the  fact  that  oxygen  is  essential  to  procure  change 
of  substance,  and  as  it  diminishes  in  proportion  to  the  elevation  above 
sea-level,  it  might  be  sapposed  that  healthy  change  of  snhstance  wonld 
be  retarded  in  monntain  air ;  "  bat  this,*'  be  adds,  *'  is  practically  found 
to  be  otherwise,  and  the  reason  donbtless  is  that,  an  only  abont  25  per 
cent  of  oxygen  is  on  an  average  used  in  respiration,  there  is  probably 
more  than  sufiBcient  oxygen  at  any  height  that  has  as  yet  been  attained 
by  man." 

Tbe  discussion  as  to  the  gases  of  the  blood,  their  ratio  to  other  con- 
Btituents,  condition  of  the  oxygen  as  fl%e,  mechanically  dissolved  there- 
in, or  chemically  combined,  or  both,  I  have  no  disposition  to  continue; 
bnt  in  so  far  as  atmospheric  pressure  may  be  considered  an  important 
cause  of  variation,  we  have  tbe  statement  of  Lehman  (Physiological 
Chemistry,  vol.  1,  p.  572)  that  "  Liebig  is  certainly  in  the  right  when 
he  advances  the  proposition  that  *  a  gas  can  only  be  considered  as  me- 
chanically absorbed  when  its  quantity  increases  and  diminishes  in  pro- 
portion to  the  external  pressure.'"  We  think  we  are  justified  iuconclnd- 
iag  with  Liebig  that  the  qnoutity  of  oxygen  which  may  be  absorbed  by 
the  blood  is  constant  in  amount,  and,  to  a  certain  extent,  independent 
of  external  pressure — an  opinion  which  is  based  partly  on  tbe  fact  that 
the  respiratory  process  is  carried  on  nearly  the  same,  both  at  very  great 
heights  and  at  the  level  of  the  sea ;  and  that  no  more  oxygen  is  absorbed, 
etm  in  an  air  tery  rich  in  oxygen,  than  iu  the  ordinary  atmosphere."  A 
certain  amount  of  mechanical  difficulty,  labored  respiration,  on  ascend- 
ing heights  rapidly  is  generally  experienced.  At  the  same  time,  the 
very  great  strain  put  upon  the  muscles  of  locomotion  causes  pain  in  the 
limbs.  We  have  no  reason  to  expect  the  muscles  of  respiration  to  bear 
undne  exercise  and  strain  witfaoot  fatigue,  and  it  very  probably  contrib- 
utes largely  to  what  is  known  as  dyspucea,  which  is  exiierienced  as 
severely  after  rapid  rnnntug  any  distance  npon  a  plain.  The  question 
might  be  asked  to  what  extent  a  diminished  atmospheric  pressnre  might 
facilitate  the  escape  of  carbonic  acid  from  the  lungs  T  May  it  not  be  far 
more  important  to  free  the  blood  rapidly  of  its  carbonic  acid,  which  is 
polsonooB,  than  to  inhale  and  accomalate  oxygen  in  excess  of  tbe  need 
of  the  system  and  the  chemical  capacity  of  the  blood  to  utilize! 

The  extent  to  which  diminished  pressnre  alone  may  affect  respiration 
can  beet  be  determined  by  the  aeronaut,  who  reaches  a  height  withont 


328       NOTES  ON  BISTORT  AKD  CLIMATE   OF  NEW  MEXICO. 

physical  fatigae.  He  does  so,  however,  at  a  very  rapid  rate,  and  a 
qaickenedrespiratioa  is  the  resalt.  Dyspooea  (besoia  de  resptreij  results 
from  any  chauge  of  accustomed  relations  betweea  the  langs  aud  the  air 
to  be  respired.  It  occurs  iu  pregnancy ;  (in  dropsical  accomnlatioos, 
abdominal  or  thoracic,  which  obstract  the  expansion  of  the  chest  and 
longs,  and  limit  the  free  play  of  the  muscles  of  respiration  and  fatigue 
them.)  Emotional  distarbances,  nervous  perturbations,  and  mental  anx- 
iety  canse  it,  as  well  as  any  undue  physical  labor  or  unwonted  exertion. 

That  the  respiration  of  an  atmosphere  of  8,000  feet  abore  sea-level 
need  not  necessarily  involve  dyspncea  in  an  iudividaal,  I  know  from  per- 
sonal experience.  I  visited  this  conntry,  ascending  8,000  feet,  in  1849, 
aud  lived  at  an  elevation  of  between  0,700  and  7,000  feet  for  three  years. 
Again,  in  the  past  year  (1875)  I  revisited  Kew  Mexico,  aud  I  have  never 
detected  in  myself  any  disturbance  of  respiration  as  the  effect  of  this 
altitude — not  even  a  quickened  respiration.  I  am  not  oumiodful  of  the 
fact,  however,  that  another  person  may  have  a  different  experience,  but 
it  may,  perhaps,  be  attributable  to  other  causes  than  altitude,  or  as  com- 
bined with  it. 

The  amount  of  oxygen  present  available  for  respiraUon  may  be  in  some 
degree  dependent  upon  the  stagnation  or  relative  movement  of  the  air. 
A  moveless  atmosphere  becomes  very  oppressive,  and  perhaps  is  most 
prevalent  in  low  conntries.  The  movement  of  the  air  is,  as  a  role, 
greater  in  the  monntaius  aud  high  altitudes  generally.  1  invite  atten- 
tion in  this  connection  to  the  Chief  Signal-Officer's  remarks  for  October, 
1874,  (page  235,  report  for  1875:)  "The  extreme  maximum  movemunts 
of  the  wind  have  been,  at  Breckenridge,  7,C50  miles ;  at  Cape  Henry, 
9,147 ;  Cape  May,  6,907 ;  Cleveland,  7,281 ;  Escanaba,  Micli.,  7,217 ; 
Long  Branch,  9,242;  Pike's  Peak,  14,734  j  Sandy  Hook,  10,917.  The 
extreme  minimum  movements  have  beeu,  at  Memphis,  1,700,  and  at 
Shreveport,  1,886.  The  calm  area  is  therefore  coterminous  with  that  of 
high  pressure." 

That  high  temperature  produces  oppression  in  breathing  is  evidenced 
iu  the  East  Indies  both  in  the  periods  of  calm  and  during  the  prevalenceot 
the  hot  winds,  especially  when,a8  happens  in  midsnmmer,  the  thermome- 
ter reads  higher  at  night  than  in  the  day-time.  At  Nowshero,  in  1867,  the 
condition  of  the  troops  is  described  as  "  gasping  for  breath.  There  was 
a  peculiar  feeling  of  weight  on  the  chest,  even  in  the  apparently  healthy; 
and  after  every  20  inspirations,  or  thereabout,  a  strong  and  convulsive 
effort  was  necessary  to  inflate  the  lungs.  •  •  •  When  the  cause, 
viz.,  prolonged  high  temperature,  was  removed,  an  almost  instantaneous 
return  to  health  (in  cases  of  insolation)  was  the  result.''  (British  Aimy 
Med.  Dept.  Report  for  1868,  Appendix  Sa  X,  pp.  296,  £97,  by  Asst. 
Surg.  Staples,  19th  Begt) 

"  In  the  same  way  that  we  cannot  endnre  either  constant  dryness  or 
dampness,  so  we  cannot  endure  a  very  constant  state  of  the  barometer 
without  suffering  in  our  breathing  or  nerves.    In  fact,  there  is  little 
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doubt  that  rapid  cbaoges  of  the  barometer  ore  more  fiivontble  fur  the 
more  important  fanctiona  of  life  than  ita  relative  Btabiliry;  and  this 
probably  ezplaina  in  a  measure  the  value  of  both  mountain  aud  sea  aii-." 
It  also  explains  the  benefit  expenenced  frequently  by  confirmed  iuvalids 
iu  a  change  from  inland  to  aea-shore,  or  from  mountain  to  senlevel,  or 
vice  versa. 

Dr.  Holland,  in  bis  "  Medical  Xotes  and  KeflectioDS,"  expresses  the 
opinion  "  that  the  action  of  different  degrees  of  atmospheric  pressure  in 
disturbing  the  bodily  functions  and  general  health  ia  rather  derived  from 
the  frequency  of  fluctuation  than  front  any  state  long  continued  either 
above  or  below  the  average  standard ;  that  of  the  two  conditions,  sud- 
denly incurred,  the  human  frame  isbetler  capable  o/Kilhstanding  a  rarefied 
than  a  condensed  atmosphere;  aud  that,  in  either  case,  the  previous 
health  aud  proneness  to  disorder  in  particular  orgins  are  gn-aily  con- 
cerned in  determining  the  results  on  the  body." 

He  supports  some  of  these  views  from  the  fact  that  "  there  are  in- 
habited places  in  America,  such  as  the  town  of  Fotosi,  at  au  elevation 
of  more  than  13,000  feet,  the  inhabitants  of  which  seem  to  have  tolerable 
beattb."  (Medical  Times  and  Gazette,  London,  September  9,  1S7C,  p. 
299.) 

At  all  elevated  places  the  diurnal  variations,  barometric  and  tber< 
mometriv,  are  sufiiciently  great  to  meet  the  demands  of  the  economy  for 
cbangt>,  and  these  are  augmented  agreeably,  and  changed  again,  with 
the  months  and  seasons  as  they  come.  At  the  same  time  the  extremes 
of  temperature  are  not  experienced  in  high  aa  in  low  altitudes ;  cer- 
tainly tbemouDtaius  are  devoid  of  the  iotenaeheatof  other  more  northeru 
but  lower  localities. 

The  annual  range  of  the  thermometer  at  some  places  otherwise 
fovorable  becomes  too  excessive  to  be  compatible  with  health  in  weak 
constitutions.  At  some  low  places  the  long  cootinoance  of  summer- 
beat  debilitates  ao  greatly  that  months  pass  before  normal  vigor  is 
regained.  Extreme  heat  of  long  cootiuuaoce  involves  even  fatal  pros- 
tration in  a  very  few  hours  when  the  action  of  the  skin  is  suspended, 
(insolation ;)  and  this  may  occur  in  localities  where,  in  a.  few  months, 
au  almost  Arctic  rigor  is  experienced.  We  fail  to  find  in  the  mount-ains 
soch  experiences  or  such  results;  on  the  contrary,  the  air  is  invigorat- 
ing and  bracing  at  all  seasons  under  conditions  that  prevail  elsewhere, 
and  not  involving  extreme  exposure. 

The  contrast  is  particularly  noticeable  in  India  between  the  low  plains 
and  the  hill  stations. 

We  find  the  Savoyard,  the  Swiss,  and  the  residents  of  mountains 
generally,  of  our  time,  as  bardy  as  the  mountaineers  of  history.  They 
do  not  degenerate  at  home,  nor  until  they  migrate  to  the  lowlands. 
The  inhabitants  of  Georgia,  GIrcassia,  and  Cashmere,  and  the  hill  tribes 
of  India  are  a  superior  race.  The  Arat>s  and  Abyssiniana  on  the  elevated 
lands  of  the  desert  and  on  the  sides  of  the  mountains  from  which  the 
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Nile  descends  present  a  strikiag  saperiority  over  the  people  of  lower 
Egypt.  Their  fiery  life,  love  of  liberty,  aod  warlike  geoias  place  them 
immeasarably  above  tbe  "  Fellahs."  The  recent  war  against  the  Abys- 
sinians  has  denioontrnted  anew  the  rigor  and  valor  of  their  race. 

Tbe  homan  race  has  not  only  degenerated  by  dwelling  in  low,  no- 
healthy  places,  bat  it  is  again  and  again  decimated  by  the  pestilences 
generated  iu  them.  Id  the  language  of  Dr.  Farr,  "  it  is  destroyed  now 
periodically  by  five  peatilencea — cholera,  remittent  fever,  yellow  fever, 
glaudolar  plague,  and  influenza.  The  origin  or  chief  seat  of  the  first  is 
the  Delta  of  tbe  Ganges.  Of  the  second,  the  African  and  other  tropical 
coasts.  Of  the  third,  the  low  west  coast  around  the  Gnlf  of  Mexico,  or 
tbe  Delta  of  the  Mississippi,  and  the  West  India  Islands.  Of  the  fonrtb, 
the  Delta  of  the  Nile  and  tbe  low  sea-side  of  cities  of  the  Mediterranean. 
Of  the  generating  field  of  influenza  nothing  certain  is  known ;  bot 
•  •  •  the  four  great  pestilential  diseases — cholera,  yellow  fever,  re- 
mittent fever,  and  plagne — have  this  property  in  common :  that  they 
begin  and  are  most  fatal  in  low  grounds;  that  their  fatality  diminishes 
in  ascending  the  rivers  and  is  inconsiderable  aronnd  tbe  river  sonrces, 
except  nnder  soch  peculiar  circumstances  as  are  met  with  at  Erzeroam, 
where  the  features  of  a  marshy  sea-side  city  are  seen  at  the  foot  ot 
Ihe  mountain  chain  of  Ararat.    Safety  Is  fonnd  in  flight  to  the  hills." 

•  •  •  •  •  a  * 

In  treating  upon  tbe  "  salubrity  of  high  places,"  he  refers  to  the  influ- 
ence of  locality  on  race,  of  the  sanitary  instinct,  the  effect  of  the  high 
land,  and  the  sight  of  the  hills  on  the  energies  of  tbe  sick,  the  longevity 
of  tbe  inhabitants  of  various  places,  the  effect  of  healthy  places  on  the 
breed  of  animals,  the  degeneration  of  race  in  nuhealtby  places,  the  time 
required  to  produce  degeneration  and  degradation  of  race. 

It  is,  perhaps,  well  for  us,  as  iudividaals,  to  revert  to  such  historic 
facts  as  he  presents  in  terms  of  classic  elegance,  and  it  is,  I  trust,  cog- 
nate to  the  subject  we  have  in  hand.  "  As  tbe  power  of  the  Egyptiaos 
descended  from  the  Thebaid  to  Memphis,  ftom  Memphis  to  Sais,  they 
gradually  degenerated,  not  withstand  lug  the  elevation  of  their  tovns 
above  the  high  waters  of  the  Kile,  their  hygienic  laws  and  tbe  hydro- 
graphical  and  other  sanitary  arrangements  which  made  tbe  conntiy 
renowned,  Justly  or  nqjnatly,  for  its  salubrity  in  the  days  of  Heroditos, 
the  poison  of  the  Delta  in  every  time  of  weakness  and  successful  inva- 
sion gradually  gained  the  ascendancy,  nud  as  the  cities  declined  the 
canals  and  the  embalmments  of  the  dead  were  neglected,  the  plagne 
gained  ground.  Tbe  people,  subjugated  by  Persians,  Greeks,  Bomans, 
Turks,  Mamelukes,  became  what  they  have  been  for  centnriea,  and  what 
they  are  in  the  present  day.  Every  race  that  settled  in  the  Delta  de- 
generated and  was  only  sustained  by  immigration.  80,  likewise,  the 
irapulations  on  tbe  sites  of  all  tbe  city-states  of  antiquity,  on  the  coast 
of  Syria,  Asia  Minor,  Africa,  Italy,  seated  like  the  people  of  Bome  on 
low  grouud  under  the  ruin-clad  hills  of  their  ancestors,  within  reach  of 
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fever  aiid  plague,  are  eoervated  and  debased  appareutl;  beyond  redeiop' 
tion. 

"  The  b Jstory  of  tbe  Datioos  on  tbe  Mediterrauean,  on  the  plains  of  the 
Euphrates  and  the  Tigris,  tbe  deltas  of  tbe  Indus  and  Oaoges,  and  tbe 
rivers  or  China,  exhibit  this  great  fact:  The  gradual  descent  of  races 
fio3)  tbe  highlands,  their  establishment  on  the  coasts  in  cities  suntained 
iind  refi-eshed  for  a  season  by  immigration  ft'om  tbe  interior,  tbeir  degra- 
dation ill  successive  generations  under  tbe  influence  of  the  nubealtby 
e:irtb,  »nd  their  final  ruin,  effacement,  or  snbjngntion  by  new  races  of 
conquerors.  The  causes  that  destroy  individual  men  lay  cities  waste, 
which,  in  their  nature,  are  immortal,  and  silently  nodermine  eternal 
empires. 

"On  the  highlands  men  feel  thd  loftiest  emotions.  Every  tradition 
places  their  origin  there.  Tbe  first  nations  worshipped  there.  High  on 
the  Indian  Caucasus,  on  Olympus,  and  on  other  lofty  mountains  the 
Indians  and  the  Greeks  imagined  the  abodes  of  their  highest  gods,  while 
they  peopled  the  low  underground  regions,  the  grave-land  of  mortality, 
with  infernal  deities.  Tbeir  myths  have  adeep  signification.  Man  feels 
bis  immortality  iu  tbe  hills."  (Page  xciv.  Report  of  William  Farr, 
esq.,  to  the  Begistrar-General  of  England.  Loudon,  1852, 

The  climate  of  Eausas,8ofar  as  my  experience  of  it  may  warrant  an 
opinion— and  I  have  served  there  tn  1849, 1857, 1858, 1S73, 1874, 1875— 
ii  not  favorable  to  pulmonary  invalids.  They  should  go  out  on  tbe  plains 
and  gradually  work  their  way  to  the  mountains.  Xeitber  can  1  recommend 
Texas,  nnlexs  it  may  be  the  region  near  San  Antonio,  which  is  said  to  be 
favorable,  fjan  Antonio  is,  however,  liable  to  choleraic  visitations,  and, 
being  a  limestone  region,  tbe  fatality  is  extreme.  I  have  seen  pulmonary 
iovalids  visit  New  Orleans  and  very  rapidly  decline,  I  suppose  on  account 
of  the  excessive  humidity. 

Of  Colorado  I  have  no  experience.  It  resembles  tbe  climate  of  I^ew 
Mexico,  but  is  to  the  north  of  it,  and  may  be  dnclement. 

Of  New  Mexico  there  ore  certain  features  worthy  of  consideration  by 
invalids  and  their  advisers. 

I.  The  dryness  of  the  atmosphere  associated  with  elevation  above  sea- 
level  to  be  found  at  any  elevation  desired,  in  localities  ranging  from 
3,600  to  8,000  feet. 

Tbe  dryness  of  all  mountain  regions  Is  acknowledged.  The  range 
of  moantains  in  Colorado  has  this  excellence  in  common  with  those  of 
New  Mexico. 

By  reference  to  the  report  of  tbe  Chief  Signal-Officer  of  the  Army  for 
January,  1875,  it  will  be  perceived  tbat  the  percentages  of  relative  hu- 
midity for  the  diS^rent  districts  average  as  follows:  Now  England,  73 
percent.;  Middle  Atlantic  States,  74 ;  South  Atlantic  States,  79;  Gulf 
States,  82;  Lower  Lake  region,  79;  Upper  Lake  region,  70;  Ohio  Val- 
ley, Tennessee,  and  the  Northwest,  73.  As  nsnal,  the  mean  relative 
bomidity  has  been  lowest  at  the  Rocky  Mountain  stations,  amounting 
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to  .56  at  Denver  aad  .51  at  Santa  F6.  In  the  report  for  Jnly,  1874,  p.  271, 
be  remarks:  "The  relative  bnmidity  has  averaged  on  the  Gulf  aad 
Sontb  and  East  Atlantic  States  75 ;  tTew  Jersey  coast,  65 ;  in  the  Late 
region,  68;  Lower  Mississippi  Valley,  70;  Id  the  Tennessee  and  the  Ohio 
and  Upper  Mississippi  Valleys,  62 ;  in  the  Lower  Missoari  Yalley,  58 ;  at 
the  Kocky  Mountain  stations,  11."  I  extract  from  bis  report  as  of 
interest  the  following  data : 
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He  remarks  for  Jane,  187S,  as  to  relfttive  liatnidity :  '*  Tliis  elemeot 
averages  80  percent,  for  the  immediate  coast  of  Xew  Jersey  and  Sew 
EngluDd,  and  75  per  cent  on  tbe  Soatb  Atlantic  coast.  Elsewhere,  over 
nearly  the  entire  coantry  east  of  the  westeni  pIMns,  the  average  Is  fttim 
65  to  70  per  cent.  It  is,  as  nsoal,  very  low  at  the  Bocky  Monntain 
stations,  being  33  iier  cent,  at  Oheyenae,  29  at  Snlt  T>!ike  Oity,  and  28 
at  Denver." 

Tbe  rainftill  in  inches  for  Jane,  1S75,  was,  for  Santa  F^,  0.33 ;  for  Den- 
ver, 0.43 ;  Salt  Lake  City,  0.90 ;  and  the  annnal  amount  of  rain-fall  for 
the  same  places  is  reported  at  10.68, 15.24,  and  20.24,  respectively.  For 
Sao  Francisco,  Cal.,  it  was  21.54;  for  Qalveston,  Tex.,  40.66;  and  for 
New  Orleans,  74,98  inches. 

NEW  MEXICO. 

Tbe  dryness  of  this  atmosphere  is  proverbial.  The  lands  are  cnlti- 
vated  entirely  by  itrigation,  and  have  been  so  for  ceotnries.  The  tra- 
dition among  the  Pneblo  Indians,  as  given  by  Hosti,  is  that,  the  rain 
falling  less  and  less,  the  people  emigrated  to  the  southward  long  before 
the  Spaniards  arrived  in  the  coantry,  (the  visit  of  Ooronado  was  made 
about  1542,}  being  led  by  Montezuma,  a  powerful  man,  who  was  bom  in 
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Pecos  aud  had  settled  with  the  Pneblos  on  the  Bio  Sao  Juan.  Mont«zama 
was  to  retnrD  and  lead  the  rest  of  the  Paeblos  also  to  the  south,  bat  he 
failed  to  come  back.  *  *  This  whole  traditioa  accords  well  nith  aa- 
other  held  by  the  Aztecs,  in  old  Mexico,  wbeo  Cort«z  entered  the  coaotry 
of  Anabuac,  namely,  that  tbeir  forefathers  came  (most  probHbly  at  the 
end  of  the  twelfth  centnry)  from  the  north.  (Dr.  Oscar  Loew'a  report 
on  "fiuins  in  I^ew  Mexico.")  It  is  probable  that  the  climate  has  be- 
come progressively  more  dry  as  time  has  elapsed,  from  evidences  ot 
former  cultivation  which  would  be  now  impossible.  At  Quivira,  Dr. 
Loew  saj'S,  "  when  Coronado  visited  this  province  it  was,  as  be  de- 
scribed it,  very  fertile ;  at  present  it  resembles  a  desert." 

At  similar  elevations  in  other  conntrtes  the  snow  wonld  nccumolate 
and  form  glaciers  upon  tbe  moaDtoius,  whence  an  ample  river-snpply 
of  water  would  coutinae  all  the  summer.  Nothing  like  this  occurs  here, 
and  tbe  extremely  rapid  evaporation  in  this  dry  air  may  help  to  account 
lor  tbe  difference. 

II.  Very  soon  after  my  arrival  in  New  Mexico,  in  Octolwr,  1875, 1  be- 
came  aware  of  nnnsnal  electrical  diatarbances  around  me.  Severe  shocks 
A'ere  experienced  on  touching  garments  of  wool  or  cotton  that  had  just 
l>een  taken  off,  and  if  at  night,  vivid  sparks  of  electricity  and  a  trail- 
ing line  of  light  woald  follow  the  fingers  when  passed  over  them.  The 
shaking  of  clothing,  to  free  it  f^m  dost,  or  friction  with  the  fingers 
over  a  sheet,  would  have  the  same  eflfect.  Upon  inquiry  I  found  others 
also  sensible  of  a  highly  electrical  condition  here.  The  telegraph  was 
disturbed  in  its  operations  by  excess  of  atmospheric  electridty,  and  ou 
inquiry  of  Mr.  Gough,  the  agent  of  the  Western  Union  Telegraph  Line, 
he  was  happily  able  to  confirm  my  impressions  from  a  very  extended 
experience.  The  subject  became  one  of  almost  daily  inquiry  between 
us  since  Jnly  18, 1876 ;  and  at  my  request  he  has  furnished  me  a  ^Tit- 
ten  statement,  to  which  I  invite  special  attention. 

"  Offigb  op  Western  Union  Teleqbaph  Company, 

"  Headquarters  District  op  New  Mexico, 

"  Santa  Fi,  N.  Hex.,  December  12, 1873. 
"To  General  T.  A.  MoPablin, 

"  Surgeotif  U.  S.  A. : 
"  Dear  Sib  :  In  reply  to  yonr  question  as  to  whether  I  have  notice.1 
au  j-  unusual  electrical  disturbances  on  the  telegraph-lines  in  this  region, 
1  would  respectfully  state  that  I  bare  noticed  such  disturbances,  and 
that  in  character  and  frequency  they  are  very  remarkable,  and  really 
astonishing,  and  such  as  in  a  seventeen  years'  experience  I  have  noticed 
on  no  other  lines. 

'*  From  abont  the  middle  of  April  until  about  the  middle  of  October, 
between  tbe  hours  of  10  a.  m.  and  6  p.  m.,  these  disturbances  are  most 
frequent,  and  render  tbe  working  of  the  line  almost  impossible. 


:,i.-,  lyGooj^lc 
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"  On  my  o[>crating-tabte  I  have  a  galvaDometer.  Tbe  regular  battery 
or  artificial  currcDton  the  ivire  deflects  tbe  needle  from  the  north  to  east 
60°  to  65° — a  steady,  nuiform  deflection.  During  these  electrical  pheno- 
mena the  needlecomniences  to  become  [iDateady,poiutinglO,  30,50, 70,and 
90  degrees  eact.  The  flow  will  increasetosuchtreuiendoas  quantity  that 
I  hare  frequently  opened  my  key  an  eighth  of  an  inch,  (which  is  eqniva- 
leut  to  breaking  tbe  wire  and  separating  tbe  two  ends  by  that  distance,} 
when  the  flow  of  electricity  would  pass  from  poiut  to  point  with  a  buzzing 
soQDd  and  an  iuteosely  brilliant  flame,  sometimes  of  a  blue,  sometimes  of 
a  purplish  color,  and  as  large  nearly  as  a  candle- flame.  At  sach  times  I 
have  placed  tissue-paper  between  the  points,  when  it  would  instantly 
commeuce  to  blaze.  Thick,  heavy  writing-paper  would  be  burned  com- 
pletely through,  but  would  not  blaze.  These  heavy  flows  will  sometimes 
continue  for  hours  with  but  little  variation,  at  others  in  one  instant  tbe 
flow  ceases  entirely ;  the  needle  of  the  galvanometer  drops  down  to  zero; 
remaining  so  for  an  instant,  it  wilt  fly  back  to  SO  or  90,  drop  down  to  10, 
20,  50 ;  the  nest  instant  tbe  whole  artiflcial  or  battery  current  is  neatral- 
ized  (so  to  speak)  by  a  tremendous  flow  of  an  apparently  different  polar- 
ization, as  tbe  needle  before  deflected  to  tbe  east  now  flows  round  to  70, 
80,  or  90  degrees  to  the  west;  the  next  90  to  the  east,  again  at  zero, 
and  thus  never  steady  for  more  than  a  few  seconds  at  any  poiot.  I 
have  frequently  taken  off  all  the  artiflcial  batteries  entirely,  and  no  per- 
ceptible diSerence  could  be  noticed ;  at  one  moment  there  wonld  be  so 
macb  electricity  that  in  trying  to  work  the  line  it  would  fuse  the  platina 
poiuts  of  the  key,  and  in  the  next  instant  not  a  particle;  and  at  no 
time,  either  with  or  withont  tbe  artiflcial  batteries,  wonld  the  current 
be  steady  lougenoagh  to  obtain  intelligible  signals  over  the  wire. 
"  Very  respectfully,  your  obedient  servant, 

JOSEPH  M.  GOOGH, 
"  MaTtager  Western  Union  Telegraph  Company^ 

Beferring  to  the  Signal  Service  KeiwrtslastpablisheO,  I  found  in  the 
Slonthly  Beports  of  Weather  for  Jnly,  1874,  and  August,  1874;  electri- 
cal phenomena  of  special  interest  as  connected  with  the  summit  of  Pike's 
Peak,  and  for  January,  1875,  atmospheric  electricity  generally  com- 
meoted  npoo ;  and  a  special  extract  referring  to  au  extraordinary  elec- 
trical storm  observed  at  Santa  F6,  which  I  have  extracted  as  of  special 
interest  in  connection  with  the  subject  of  electrical  disturbances  and  dis- 
tribution iu  this  and  other  mountaiu  regions.  Facts  like  these  should 
be  collated  and  fully  considered  if  it  be  determined  by  experience  that 
atmospheric  electricity  exerts  au  influence  upon  development  of  health 
or  disease. 

Extracts  front  Report  of  Cldcf  Siffiial-Officer  for  1875. 
ELECIEICAI.  PHENOMErfA. 

*'The  local  storms  previously  referred  to  were  in  many  iostaoces  ac- 
companied by  vivid  displays  of  lightning.    The  most  remarkable  serien 
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of  tlinnder-atormaoccarred  atthesnmmit  of  Pike's  Peak  from  the  14th 
to  the  25th,  during  which  the  electrical  effect  was  so  iot^DBe  as  to  inter- 
rupt  telegraphic  commuDication  with  that  station.  The  obsen'er  reports 
that  sharp  pecaliar  soDods  vere  emitted  from  ull  poioted  objects,  aDd 
that  painful  ^asatioQs  were  experienced  in  the  bands  and  face. 

"  A  hrilliant  display  of  ball-lightning  was  observed  at  Denver  July 
21,  the  ball  exploding  in  fall  view  and  the  fragments  re-exploding  as  they 
reached  the  earth.  This  phenomenon  was  also  observed  at  Keoknk, 
Iowa,  on  the  16tb. 

"Gronnd-curreuts  interfered  with  the  working  of  the  telegraph-line 
Rt  Sandy  Hook  on  the  4th, 11th,  and  lOth."  (Pdge  272,  Monthly  Weather 
Review,  report  for  July,  1874.) 

'  "  In  addition  to  tbnnder-storms  spoken  of  nndur  previous  headings, 
there  were  strong  gronnd-cnrrents  on  the  telegraph-line  connecting  Col- 
orado Springs  with  the  summit  of  Pike's  Peak,  Colo.,  on  the  evening 
of  the  Ist.  Frequent  lightning  was  observed  on  the  same  line  during 
the  month.  On  the  3d  heavy  snow  accompanied  a  heavy  thonder-atorm 
on  Pike's  Peak,  from  which  station  thnnder-storms  are  reported  as  hav- 
ing occurred  almost  daily.  Thunder  or  lightning,  or  both,  were  more 
frequent  in  the  Southern  and  Western  States,  especially  the  latter,  than 
in  otlier  stations."  (Page  276,  Monthly  Weather  Beview,  report  for 
August,  1874.) 

ATUOSPHERIC  ELVCTBICITT. 

"  Thunder-storms  are  reported  as  having  occurred  mostJy  in  the  South- 
ern States  and  during  the  passage  of  general  storms,  viz ; 

"  On  the  7th  in  Georgia  and  Florida ;  on  the  21st  in  Georgia,  North 
Carolina,  Tennessee,  Mississippi,  and  Texas ;  on  the  22d  in  Georgia, 
Alabama,  Mississippi,  Lonisiana,  and  Texas ;  on  the  24th  in  Alabama, 
Mississippi,  Louisiana,  and  North  Carolina;  on  the  27th  in  Louisiana, 
Indian  Territory,  and  Texas ;  on  the  2dth  in  Georgia  and  Alabama." 

The  following  extract  is  made  from  the  observer's  report  at  Santa  F^ 
New  Mexico: 

"January  IS,  extraordinary  electrical  storm  on  (telegraph}  line; 
noticed  first  at  12  m.,  and  lasted  nntil  3  p.  m.  The  current  was  so  strong 
the  line  could  not  be  worked.  The  key  was  left  open,  and  most  of  the 
line  was  snrrounded  by  a  ring  of  fire.  It  was  during  the  passage  of  low 
barometat  that  this  happened."  {Page  301,  Monthly  Weather  Review 
for  Jannary,  1875.)  • 

*  By  an  oxamiDation  of  tha  nppuDded  papers  it  irill  be  noticed  tbat  the  militftr;  tele- 
graph-line estendin);  from  Denver  to  Santa  F6  and  tbence  eontbvrard  to  Silver  City 
was  distQTlwd  by  ntmospbericeleotrioity  from  July  IBtaDeoeinberSl,  1S7G — deducting 
Sanduye,  when  do  oontiouoos  observationa  were  mode — 10  times  on  the  northern  line, 
14  OD  the  Bontbern  line,  and  2?  on  botb  Dqm  oat  of  SaJita  T6 ;  46  days  of  diatarbanoe 
ont  of  147  days'  oltservations.  No  record  was  made  of  diHlnrbances  anterior  to  Jal; 
18, 1S76. 

Id  the  year  the  wind  traveled  at  arate  Bmonnting  to  C7 ,096  mllee.  being  Bouthweet 
over  one  balf  tbe  time  and  northeast  or  north  about  one-foartb  the  time.   One  bnndred 
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Tfaeearthisagooilcondactor.andtbe"  common  reservoir"  of  electricity 
dry  air  is  n  good  insulator;  but  vheit  the  air  coDtains  moistnre  it  con- 
dncts  electricity,  and  this,  says  Gaaot,  (page  GIO,  Elementary  Treatise 
00  Physics,  Kew  York,  1809,)  is  the  principal  soarce  of  the  loss  of  elec- 
tricity. In  the  same  way  that  metals  do  uot  become  electrified  by  fric- 
tion on  ncconnt  of  their  great  condaotivity,  animals  do  not  exhibit  this 
property  in  a  marked  degree  nntil  comparatively  insnlated  by  a  dry  at- 
mosphere. Animal  bodies  daily  retaining,  fur  any  prolonged  period,  a 
greater  store  of  electricity,  or  uaiug  up  this  electricity  as  a  force,  may 
be  materially  different  from  what  they  would  be  in  a  hamid  euvirooment. 

The  electric  tensiou  and  density  of  a  metallic  sphere  is  found  to  be 
uniform  over  its  surface.  On  an  elongated  ellipsoid  it  accamnlates 
at  the  most  acute  points,  and  the  upheaved  masses  of  mountains  would 
appear  to  us  favorable  points  for  a  special  distribution  of  electric  force. 

It  is  much  to  be  desired  that  observations  as  to  the  amount  of  ozone, 
of  hamidity,  and  atmospheric  electricity  be  more  generally  made  iu  the 
interest  of  t  hose  seeking  for  climatic  relief  and  to  furnish  data  for  our 
guidance. 

I  have  the  impression  that  a  moderate  altitude  should  first  be  sought, 
aud,  as  convalescence  and  vigor  are  assured,  a  higher  and  more  bracing 
air  could  be  borue  with  benefit. 

In  this  country  the  statistician  is  at  a  disadvantage ;  there  are  no 
boards  of  health,  no  registration  of  diseases. 

The  rector  of  the  cathedral  has  been  kind  enough  to  give  me  the  sta- 
tistics of  deaths  among  the  Catholic  population  of  the  parish  of  Santa 
F4  from  1869  to  December  14, 1S76,  amounting  to  1,003  deaths  in  eight 
years  in  a  parish  estimated  between  7,000  and  8,000.  From  this  I  esti- 
mate the  average  yearly  death-rate,  125,  being  about  one  death  to  60 
Catholic  population,  a  mortality  of  16  per  1,000  in  the  parish. 

Of  the  death  rate  in  the  Territory  I  have  no  information.  Dr.  Lewis 
Keunon,  {of  Fort  Selden,)  as  quoted  by  Mr.  Brevoort,  says :  "  The  lowest 
death-rate  from  tubercular  diseases  is  in  Kew  Mexico." 

"The  censuses  of  1860  and  1870  give  25  per  cent,  in  New  England,  14 
in  Minnesota,  from  5  to  6  in  different  Southern  States,  and  3  per  cent,  in 
Sew  Mexico."    (New  Mexico,  by  Elias  Brevoort,  1874,  p.  27.) 

Dr.  Symington  informs  me  that,  in  a  residence  of  eight  years  in  this 
Territory,  he  has  seen  but  two  cases  of  phthisis  among  natives,  and 
they  were  young  persons. 

Id  Switzerland  (according  to  Dr.  Lombard,  of  Geneva,  Gazette  des 
Hospitaux,of  October  26,  1876;  London  Medical  Times  and  Gazette, 
aod  nine  daya  were  maiet  for  A  while  from  rain  oranow.  It  is  proper,  however,  toremark 
that  in  the  rain;  or  wet  season  of  the  year  annebine  and  clear  skiw  are  noticed  every 
day,  the  rain  coming  in  showerd.  ThewhoieamouDEof  hamidity  was  only  15.06  inches 
for  the  year ;  maximnm  velocity  of  wind,  38  miles  per  bonr, 

1  take  pleaaare  in  acknowledging  the  prompt  faoilities  extended  to  me  by  the  United 
States  signal  and  miiitaiy  telegraph  serviceB  in  fomiabing  infbnnatlon  and  data  aa  to 
obnervationa  made  by  them. 

22  S  _..  ^,,GoOJ^[c 
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November  11,1870,  p.  553)  tbe  mean  mortality  resnlticg  from  phthltus 
pulmonalis  is  77  per  1,000  deatb^  being  a  mach  lower  proportion  than 
most  of  tbe  coantries  of  Garope.  Thns  in  Betgiam  this  varies  from  168  to 
198,  and  in  England  is  124.  •  •  •  Two  inflaences  are  brongbt  into 
view  by  Dr.  Lombard's  investigations,  viz:  Tbe  deleterioas  effects  of  in- 
dnstrial  occupations  as  compared  to  agrioaltnral,  and  tbe  benefit  of  high 
altitndes,  cases  of  pbtbisis  being  less  frequent  in  proportion  to  tbe  height 
attained,  so  that  it  entirely  disappears  in  bigh  valleys. 

Tho  Medical  Statistics  United  States  Army — Abstract  of  PriDcip&l 
Diseases — show  a  total  of  8  cases  (3  deaths)  in  an  average  mean  strength 
of  5,873  troops,  from  phthisis  palmonalis,  in  tbe  six  years  from  1849  to 
1854.  For  the  same  period,  in  diseases  of  the  respiratory  system,  "TSw 
York,  New  England,  and  the  region  abont  the  great  lakes  exhibit  the 
largest  ratios;  and  Florida,  Texas,  and  New  Mexico  the  smallest,  beiDg, 
in  the  ratio  of  cases  per  1,000  of  mean  strength,  New  England,  i^; 
New  York  harbor,  5.9;  great  lakes,  4.5;  Atlantic  coast  of  Florida,  2.3; 
Onlf  coast  of  Floritla,  CO;  Texas  sonthem  frontier,  4.00;  westem 
frontier  of  Texas,  3.9;  New  Mexico,  1.3."  The  conclusions  of  Dr.  B.  H. 
Coolidge,  U.  S.  A.,  the  compiler,  (Medical  Statistics  United  States 
Army,)  are,  I  believe,  accepted  to-day :  "  Ist  That  temperatare,  consid- 
ered by  itself,  does  not  exert  that  marked  controlling  influence  upon 
tho  development  or  progress  of  phthisis  which  has  been  attributed  to 
it.  *  *  2d.  That  the  most  important  atmospherical  condition  for 
a  consumptive  is  dryness.  *  *  3d.  That  next  to  dryness  in  im- 
portance is  an  agreeable  temperature — a  temperature  uniform  for  long 
periods,  and  not  disturbed  by  sndden  or  frequent  changes.  *  *  A 
uniformly  low  temperatare  is  much  to  be  preferred  to  a  nniformlyhigh 
temperature.  Tho  former  exerts  a  tonic  and  stimulating  effect  npon 
the  general  system,  while  tbe  latter  produces  general  debility  and  nerv- 
ous exhaustion.  The  worst  possible  climate  for  a  consumptive  is  one 
with  a  long-continued  high  temperature  and  a  high  dew-point." 

Confirmatory  of  all  this,  and  tbe  fact  that  "  New  Mexico  is  by  fcr  the 
most  favorable  residence  in  the  United  States  for  those  predisposed  to 
or  affected  with  phthisis,"  may  be  consulted  the  testimony  and  experi- 
ence of  several  medical  ofiBoers  of  the  United  States  Army.  (Quoted 
in  Hammond's  Hygiene,  p.  280.) 

An  examination  of  the  sickness  and  mortality  tables  of  tbe  troops 
serving  in  New  Mexico  from  1861  to  1865,  published  in  tbe  Medical  and 
Snrgical  History  of  tbe  War  of  tbe  BebellJon,  Part  I,  Waabiogton, 
1870,  pp.  138,  280, 436,  and  588,  Order  Y,  Diseases  of  the  Bespiratoiy 
Organs,  shows  the  following  cases : 
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Many  persons  do  well  at  borne  iu  sammer  who  oeed  in  winter  a  milder 
climate. 

Enropeans  are  wont  to  seek  Naples,  Malaga,  Egypt,  Algiers,  Borne, 
Florence,  Mentone,  or  the  West  Indies,  itecently  the  west  coast  of  Ire- 
land, made  warm  by  the  inSnence  of  the  Galf  Stream,  ban  been  recom- 
mended. For  i>atient8  threatened  with  phthisis,  Mentone,  Malaga,  sod 
Algiers  are  preferable.  If  they  go  to  Jamaica,  they  ehonld  arrive  in 
December  and  go  np  at  once  to  the  bills.  Such  as  are  affected  with 
irritable  bronchitis,  asthma,  and  pleuritic  teDdencies,  are  recommended 
to  Madeira,  and  in  the  spring  to  Pan.  (London  Med.  Times  and  Ga- 
zette, November  4, 1876,  p.  519.) 

When  the  railroad  shall  have  made  this  region  (of  New  Mexico)  of 
easy  access,  the  invalid  may  find  a  genial  and  proper  climate.  For 
the  weakest  invalids  the  Mesilla  Talley  shoald  be  &rsc  resorted  to,  and 
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tbence  the  transit  can  be  made  to  a  Dortbem  and  more  invigoratitig  »ir. 
The  sommer  in  Mesilla  ie  said  to  be  quite  bot 

Proceeding  from  Santa  FS,  betweeo  Taos  and  Fort  Garland,  the  mili- 
tary wagon-road — oondacted  by  Lieutenaot  Bnffner — winds  in  the  cmm 
of  the  Rio  Graode  and  near  its  margin  for  miles.  The  river  is  narrow 
aod  rapid,  hemmed  in  by  pealis  and  precipices,  and  rashes  a  foaming 
flood  over  roclis  and  bowlders. 

The  Denver  and  Bio  Grande  Railroad,  which  will  be  extended  to 
Garland  by  May  1, 1877,  will  probably  come  down  this  caEon  and  open 
oat  some  magnificent  scenery  to  the  toarist.  Arriving  at  Fort  Garland, 
sitoated  in  tbe  San  Lnis  Park,  (8,000  feet  above  sea- level,)  wehave  a  near 
view  of  the  Sierra  Blaoca,  one  of  the  highest  of  the  Rocky  Moantains— 
14,404  feet — easier  of  ascent  than  Mont  Blanc,  (15,784  feet,)  tbe  Jung 
Fraa,  (13,671  feet,)  or  the  Matterborn,  (14,370  feet.)  A  daily  line  of 
stages  passes  Garland  toward  tbe  San  Joao  mines,  reaching  the  Bio 
Grande  Biver  in  20  miles,  in  60  miles  La  Loma  and  Del  Kone,  and  in 
aboat  100  miles  the  summit  of  tbe  main  divide,  "  among  a  mass  of 
aaow-peaks,  in  groups  connected  by  crests  more  or  less  high,  bom 
which  the  waters  flow  radially,  and  is  probably  the  highest  portion  of 
tbe  Bocky  Moantains.  This  region,  like  tbnt  of  the  Yellowstone  Lake, 
seems  to  be  one  of  tbe  domes  of  the  continent,  as  is  shown  by  tbe  face 
that  the  same  rivers  which  eventually  flow  west  flow  at  first  east  and 
south,  like  Grand  Eiver  and  Lake  Fork."  (Reconnaissance  in  the  Ute 
country  by  First  Lieut.  E,  H.  Raffner,  United  States  Engineers,  Wash- 
ington, 1S74,  p.  31.)  Among  those  mountains  whose  heights  have  been 
determined,  we  have  Summit,  13,356  feet;  Bristol  Head,  11,814  feet; 
King  Solomon,  13,073  feet ;  Engineer  Moantain,  13,270  feet  Tbe  high- 
est of  all  is  Mount  Ghaavenet,  altitude  anknown  to  me.  King  Solomon, 
in  the  Sierra  La  Plata,  and  Moant  Galena  (13,978  feet)  are  in  the  rich 
silver  and  gold  mining  region,  now  rapidly  filling  up  by  immigration. 

From  Engineer  Mountain  "  masses  of  snow-peaks  rising  a  thonsand 
and  two  thonsand  feet  above  timber  are  seen,  with  sky-lines  marvel- 
ously  bold  and  wild.  Tbe  peaks  (says  Maj.  H.  G.  Prout)  are  seen  at 
distances  of  10  to  30  miles  around.  I  donbt  if  any  other  moantain  re- 
gion in  the  world  displays  so  extensive  a  mass  of  increasing  variety  of 
form  so  wholly  grand."    (Page  24,  Slid,) 

Tbe  gr^t  overland  California  Railway  passes  over  no  country  eqnal 
to  tbis,  as  it  purposely  and  ecooomicf^  was  located  at  a  lower  level. 
Here,  about  latitade  37°  45'  and  longitade  1070  28',  the  Great  Sierra 
Madre  rises  to  Its  greatest  height,  and  thence  flow  tbe  foaotains  of  the 
Rio  Grande  del  Norte. 
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Appendix  No.  1. 

Santa  I^,  December  14, 1876. 
Dr.  McPablin  : 

Dear  Sib  :  According  to  yonr  reqaest,  I  bare  the  booor  to  send  the 
statistics  of  deatbs  occarred  among  tbe  Catliolic  population  of  tbe  par 
isb  of  Santa  F6  eloce  I  bare  been  tbe  rector  of  tbe  said  parisb. 

Tbe  pariab  of  Saota  F^,  as  it  is  now  estabbsbed,  comprises,  besides 
tbe  city,  tbe  towns  of  Agaa  Fria,  Cieuega.  Tesaque,  and  Bio  Tesnqne ; 
it  is  to  say,  a  popalatioo  of  seven  or  eight  thouf<and  iDbabitants. 

Here  are  now  tbe  statistics  of  deaths : 

Tears.  neaths.  Years.  Destbs. 

1869 104  1873 120 

1870 94  1874 146 

1871 145  1876 102 

1872 183  1876,  np  to  this  date 131 

As  to  the  priDcipal  causes  of  these  deaths  I  oogbt  to  confess  my  ig- 
norance in  the  matter.    I  am  not  a  physician. 

Inflneoza  and  wbooping-oongh  are  sometimes  fatal  and  very  mortif- 
eroQs,  especially  among  children.  In  last  January  and  Febroory,  as 
yon  mast  be  aware,  we  bad  many  fatal  cases  of  plenrisy.  I  buried  32 
corpses,  almost  all  of  grown  persons. 

It  wonld  be  an  error  to  believe  that  there  is  no  case  of  consamptioD 
among  tbe  natives  of  this  coantry.  On  the  contrary,  asthma,  heart  and 
long  diseases  are  very  common  among  tfaem.  I  have  actnally  some  pa> 
tieots  who  suffer  of  such  affections. 

I  think  the  principal  cause  must  be  attributed  to  the  sharpness  of  the 
air  and  scarcity  of  good  clothes. 

I  am,  very  respectfally,  my  dear  doctor,  yoar  most  obedient  servant, 
J.  A.  BKUCHARD, 
Parisk  Priest  of  the  Cathedral. 

A  trae  copy : 

T.  A.  MoPablin,  M.  D. 
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ON  THE  CHANGE  OF  THE  MEXICAN  AXOLOTL  TO  AN  AMBLT- 
STOMA. 


Bt  Dr.  AcQDst  Weisuann,  Profetmr  at  Frt&urg,  Brtntfa*, 

[Traiialal«d  bf  HeDi?  M.  Donglul,  CbanpalgD,  111.] 


Since  Damfiril  first  anaonnced  tlie  change  of  a  Dnmber  of  Axolotls 
ioto  tbe  so-called  Amblystoma  form,  this  Uezican  flsb-sataiDaDder  bas 
been  bred  in  aqnariams  at  maD;  Enropeao  places,  priocipally  witb  a 
view  to  determine  tbe  condttioos  under  wbicU  that  change  occnrs,  and 
tbeo  from  that  to  draw  farther  conclusioos  opon  tbe  real  caases  of  this 
exceptional  and  therefore  so  mysterious  metamorphosis. 

The  creatures  were  easily  propagated  everywhere,  and  that  in  great 
nombers.  Yet  not  only  did  the  cases  in  which  the  traosformatioD 
occarred  remain  exceedingly  rare,  bat  no  one  sacceeded  in  answering 
tbe  first  and  most  important  qnestion,  whether  this  was  called  forth  by 
external  circumstances  or  was  dependent  upon  purely  intrinsic  caases. 
Much  less  were  any  definite  external  infiuencee  found  through  whose 
preseoce  one  could  bring  on  the  metamoiphosis  with  certainty. 

But  nntil  this  point  is  decided,  all  attempts  at  theoretical  interpre- 
tation and  ase  of  tbe  phenomenon  mast  remain  without  any  firm  found- 
ation. 

To  me  this  history  of  the  Axolotl's  transformation  always  seemed  to 
be  of  qaite  a  particnlar  interest.  I  believed,  indeed,  that  possibly  this 
0110  special  case  might  be  sufficient  to  determine  the  correctness  of  tbe 
fundamental  principles,  according  to  which  the  origin  of  species  is  repre- 
sented in  the  two  hostile  camps  of  deveU^ment  and  heterogeneoia  or  dis- 
tinct creation.  So  I  resolved  to  set  about  experiments  vith  the  Axolotl 
myself,  in  the  hope  that  perhaps  it  would  be  my  good  fortune  to  throw 
some  light  upon  this  subject. 

In  the  year  1873,  Hen  von  KiiUiker  bad  the  kindness  to  present  to 
me  five  of  tbe  Axolotis  be  had  bred  in  Wiirzbnrg.  In  the  following 
year  these  produced  an  abundant  brood.  With  them  I  tried  to  settle 
the  qaestion,  whether  it  was  not  possible  to  force  all  the  larvte  to  the 
change,  or  at  least  tbe  greater  part,  if  they  were  brought  into  circum- 
stances which  rendered  the  use  of  the  gills  difficult,  that  of  the  lungs 
easy.  This,  in  other  words,  would  be  to  compel  them  £rom  a  certain  age 
to  live  half  on  tbe  land.  It  will  be  seen  further  on,  what  theoretical 
grounds  led  me  lo  this  idea. 

Meanwhile  I  reached  no  results  that  year.  The  most  of  the  tarvse 
died  before  tbe  time  for  such  experiments  seemed  to  have  come.    The 
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few  snrviTors  did  not  make  the  change,  bat  lived  antil  the  early  part  of 
the  next  year,  only  to  die  one  after  another. 

Evidently  I  hod  given  them  too  little  care  and  attention,  bdog  pre- 
'  vented  by  a  somewhat  lengthened  absence  from  Freibarg,  as  well  as  by 
other  labors. 

I  reached  the  conviction  at  that  time  that  withont  the  greatest  care- 
fulness and  attention  in  the  rearing  no  resnlt  can  be  obtained.  This 
conviction  farther  experience  only  confirmed.  One  mnst  jnst  concen- 
trate all  his  interest  apon  this  one  aim,  and  mnst  not  begmdge  having 
to  devote  considerable  time  every  day  for  mouths  to  this  work.  That  I 
conld  not  carry  this  on  mj'self,  without  giving  np  other  work  for  it, 
seemed  clear  to  me,  and  so  I  hailed  it  with  joy  when  the  opportunity 
offered  of  seeing  the  experiments  made  by  another  person. 

Miss  von  Ghaavin,  a  lady  well  known  to  several  correspondents  in 
this  department  by  her  beantifal  observatioDs  on  the  Pbryganidae  (alas, 
not  yet  pnblished),  proposed  the  following  year  to  take  a  nnmber  of  the 
larvffi  jnst  oat  of  the  egg,  rear  them,  and  make  the  attempt  to  bring 
them,  in  a  ceriiain  measnre,  by  force  into  the  Amblystoma  condition.  It 
wilt  be  perceived  by  the  following  records  of  the  lady  herself  how  com- 
pletely this  attempt  sacceeded,  and  no  less  will  it  be  seen  that  this  sac- 
cess  was  possible  only  with  snch  cDrefnlness  in  tbo  treatment  and  deli- 
cacy in  the  observation  as  were  here  employed. 

EXPEEniEKTS. 

"I  began  tbo  experiments  Jane  12, 1874,  with  five  larvte  aboat  eight 
days  old,  all  that  remained  alive  of  the  twelve  delivered  to  me.  On 
accoant  of  the  extraoidinary  tenderness  of  these  larvte,  the  gnality  and 
temperatare  of  the  water,  the  kind  and  quantity  of  the  food  snpplied, 
especially  in  the  eeu'liest  period,  exert  a  great  inflnence  npon  tbem,  so 
that  one  can  hardly  be  cantions  enongh  in  their  management. 

'tXbe  little  creatares  were  kept  in  a  glass  globe  of  abont  30  centi- 
metres in  diameter ;  the  temperatare  of  the  water  was  regalated,  and 
as  nonrishment  Daphuida  were  famished  at  first,  afterward  larger 
aqaatio  animals  in  greater  qoantity.  In  this  way  the  five  larvfe  throve 
exceedingly  well.  By  tbe  end  of  Jane  the  strongest  larvte  showed  the 
beginning  of  the  lore  legs,  and  the  9th  of  Jnly  the  hind  legs  made 
their  appearance.  At  the  end  of  November  I  noticed  that  one  AxoloU — 
for  brevity  I  distingaish  it  with  I.,  and  shall  note  the  others  with  the 
sncceasive  Boman  namerals — kept  constantly  on  the  snrCaoe  of  the  water, 
which  bronght  me  to  the  supposition  that  the  right  time  had  oome  to 
prepare  for  the  change  to  a  land  salamander. 

"  For  this  porpose,  on  December  1, 1874,  L  was  pnt  into  a  considerably 
larger  glass  vessel  with  a  flat  bottom,  which  was  so  placed  and  filled  with 
water  that  only  in  one  spot  could  he  dive  gnite  under  water,  while  every- 
where else  in  his  repeated  creepings  abont  the  bottom  of  the  vessel  be 
came  more  or  less  in  contact  with  tbe  air.    On  the  following  days  tbe 
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water  was  gradnally  diminished,  aad  dnring  thia  time  tbe  &rat  clianges 
in  the  aoimal  appeared:  ThegtUa  began  to  shrivel.  At  tbe  same  time 
the  creatore  showed  a  striWog  to  reach  tbe  shallow  places.  The  4th  of 
I>ecember  it  betook  itself  wholly  to  the  land  and  crept  away  into  the 
damp  moss  which  I  had  placed  oo  a  bod  of  saod  in  the  highest  part  of 
the  botjom.  This  was  followed  by  the  first  molt.  Within  tbe  foar  days 
from  December  1  to  4  a  striking  change  took  place  in  tbe  exterior  of  I.; 
the  gill-tnfts  Bhriveled  almost  entirely  together,  the  crest  on  the  back 
TSDished  completely,  and  tbe  hitherto  broad  tail  aasnmed  a  roanded 
form  similar  to  a  laud  salamander's  tail.  The  grayiah-brown  color  of 
the  body  gradoally  changed  to  blackish ;  here  and  there  white  spots 
came  oat,  faintly  marked  at  first,  and  growing  more  distinct. 

*i  When,  on  the  4th  of  December,  the  Axolotl  crept  ont  of  the  water,  the 
clefts  of  thegills  were  still  open,  bat  tbey  gradoally  closed,  and  in  sboot 
eight  days  tbey  were  no  longer  to  be  seen  and  were  grown  over  with  a 
skin. 

"Of  the  other  larrse,  at  the  end  of  IfoTember  (that,  is  at  the  same 
time  when  I.  came  to  the  snrface  of  tbe  water),  three  more  were  jast  a9 
strongly  developed  as  I. — an  indication  that  for  tbem  also  the  right 
time  had  come  for  the  hastening  of  the  process.  They  were  therefore 
subjected  to  the  same  treatment.  II.  changed  in  fact  at  the  same  time 
as  I.,  and,  precisely  like  it,  had  perfect  gill-tnfte  when  it  was  placed  in  the 
shoal  water,  and  after  four  days  had  almost  completely  divested  itself  of 
these.  He  went  npon  tbe  bind  ;  and  then  followed,  in  the  course  a/*  oAouf 
ten  days,  thegrowingoverof  the  gill-clefts  and  tbe  complete  assumption  of  the 
salamander's  form.  During  this  last  time  the  animal  took  food,  but  only 
when  he  was  urged. 

"  With  III.  and  IV.  the  change  went  on  more  slowly.  They  did  not  so 
frequently  seek  for  tbe  drier  places,  and  generally  did  not  expose  them- 
selves so  long  to  the  air,  so  that  tbe  greater  port  of  January  passed 
before  they  took  wholly  to  the  land.  Yet  the  drying  of  the  gill-tafts 
required  no  longer  time  than  I.  and  II.  The  first  molt  also  followed  as 
soon  as  they  crept  upon  the  land. 

"Y.  showed  much  more  remarkable  deviations  in  the  transformation 
than  nLandlY.  As  this  individual  from  thebegiooing  appeared  much 
more  feeble  than  tbe  others,  and  also  staid  behind  remarkably  in  its 
growth,  this  was  by  no  means  surprising.  It  required  fourteen  days 
instead  of  four  to  carry  the  change  so  far  that  It  could  leave  the  water. 
It  was  of  quite  peculiar  interest  to  watch  tbe  condition  of  this  individual 
daring  this  time.  As  may  be  inferred  from  its  delicate  nature,  it  was 
more  sensitive  than  tbe  others  to  all  ontward  infiuences.  If  it  was  ex- 
posed to  the  air  too  long  it  took  on  a  lighter  color.  Besides  it  gave 
off  a  peculiar  odor,  similar  to  what  salamanders  diffuse  when  they  are 
alarmed  or  endangered.  As  soon  as  these  appearances  were  noticed,  it 
was  immediately  put  into  deep  water,  where  it  dived  under  at  once  and 
gradually  recovered  again.    Then  the  gills  always  unfolded  again.    The 
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same  experiment  was  made  repeatedly  and  was  every  time  attended  by 
tbe  same  result ;  from  which  it  may  well  be  conclnded  that  thnnigli  the 
exerciae  of  too  energetic  constraint  with  a  view  to  hasten  the  process  of 
transformatiou  a  stoppage  may  be  broaght  aboat,  and  death,  indeed,  by 
continaed  constraiut. 

"Of  Axolotl  Y.  it  remains  to  be  stated  that  he  crept  ont  of  the  water,  not 
like  all  the  others  at  the^rsf  molt,  bat  at  the  time  of  the /ourtA. 

"AH  these  are  to-day  alive,  healthily  and  strongly  developed,  so  that, 
as  regards  their  nourishment,  nothing  woald  stand  in  the  way  of  their 
propagation.  The  largest  of  the  first  font  hna  a  length  of  15  centime- 
tres.   Axolotl  V,  meosares  12  centimetres. 

"From  what  I  have  said  mast  be  established  the  correctness  of  the 
view  suggested  in  the  beginning:  most  Axolotl  larvte,  if  not  all,  com> 
plete  their  metamorphose,  if,  in  the  first  place,  they  come  oat  of  the 
egg  healthy  and  are  properly  fed,  and,  in  the  second  place,  meet  with 
arrangements  which  force  them  to  change  from  breathing  under  water 
to  breathing  above  the  water.  It  will  be  nnderstood  that  this  compnl- 
siou  may  only  be  exerted  qnite  gradaally,  and  in  a  way  which  does  not 
draw  too  much  apon  the  animal's  vital  force. 

"  Fieibarg,  Breisgaa,  July,  1875, 

"MARIE  V.  OHAUVIS." 

I  remark  upon  the  above  records,  that  in  all  five  coses  the  chaugu 
was  a  complete  one,  not  to  be  confounded  with  that  which  all  the  Axolotls 
confined  in  small  glass  vessels  nodergo  more  or  less ;  namely,  there 
are  frequently  variations  which  seem  to  advance  toward  the  Amblystonia 
form  without  reaching  it.  In  the  five  full-grown  Axolotls  which  I  possess 
ftt  this  very  time,  and  of  which  two  at  least  are  four  years  old,  the  gtlla 
are  all  very  much  shriveled  up,  but  tail  and  crest  are  unchanged.  But 
the  crest  may  also  disappear  and  the  tail  grow  smaller  withont  changing 
to  the  Amblystoma,  as  shall  be  shown  further  on.  As  regards  the  time 
used  for  the  transformation,  in  Axolotls  I.  to  V.  it  took  12  to  14  days. 
Four  days  of  that  bring  us  to  the  first  change,  during  which  the  animal 
still  remains  in  the  water ;  the  rest  of  the  time  is  given  to  the  comple- 
tion of  the  change.  Dum^ril  gives  the  time  of  the  transformation  at  16 
days. 

From  the  experiments  communicated  the  following  seems  to  me  espe- 
cially noteworthy :  The  Jive  Axolotl  larvw,  which  alone  can  come  into  the 
account,  since  the  others  died  early,  all  tcithout  exception  completed  the 
change  and  became  Amblyatomas.  Only  one  of  them,  No.  L,  showed  by  cott- 
stant  swimming  on  the  surfiice,  which  was  noticed  at  the  end  of  the  sixth 
month,  a  distinct  inclination  to  the  change,  a  preference  for  breathing 
with  the  lungs.  Of  this  individual,  therefore,  it  may  well  be  assumed, 
that  also  withont  artificial  aid  it  would  have  come  to  the  land  and  hare 
undergone  the  transformation,  just  as  was  the  case  in  some  thirty  spec- 
imens which  DumSrII  observed. 
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For  Nos.  II.,  HI.,  and  IV.,  on  tbe  otberhaiid,  snch  a  snppositioo  has  bnC 
little  probability.  All  tbree  larvre  songht  to  keep  themselveB  io  deeper 
water,  nvoided  as  Iod^  as  poaaible  tbe  nballow  places  which  compelled 
tbem  to  mere  loog-breatbing,  and  oaly  completed  tbe  cbango  more  tban 
a  moiitb  later. 

Witb.No.  v.,  moreover,  it  can  scarcely  appear  doubtful  tbat  it  would 
not  have  made  tbe  change  without  tbe  forcible  habitoation  to  abode  in 
tbe  air. 

From  these  resolta  may  well  be  drawn  the  cooclasion,  most  Axolotl 
larvee  change  to  tbe  Amblystoma  form  if  at  tbe  age  of  Bix  to  nine 
months  they  are  brought  into  water  so  shallow  that  they  must  chiefly 
breathe  with  the  lungs.  Tbe  experiments  in  question  are  small  In  num- 
ber, to  be  sure,  but  such  a  conclasion  cannot  be  called  hasty,  when  it  ia 
considered  that  Dum^ril,  among  many  hundreds  (the  number  is  not 
given  precisely)  of  Asolotls,  obtained  only  some  thirty  Amblystomas; 
that  likewise,  among  several  hundred  Axolotl8,von  KSllikerbred  only  n 
single  Amblystoma. 

it  only  remains  doabtfal  whether  every  larva  con  be  compelled  to  mnko 
the  change,  and  this  qnestion  can  only  be  determined  by  new  exiiertmen  ts. 
It  had  been  my  intention  to  defer  the  pabllcatlon  of  those  above  given 
nntil  tbey  were  repeated  in  greater  fullness  by  Miss  von  Cbnavin,  But 
as  my  Axolotla  have  given  me  no  young  this  year  (187S),  I  had  to  give 
that  np  for  tbe  time,  and  oonld  do  this  the  more  willingly,  since  it  i8 
rather  irrelevant  to  the  theoretical  interest  of  the  fauts  whether  ail  or 
ooly  almott  all  of  the  Axolotls  may  be  forced  to  make  tbe  traosfbrma- 
tion.  On  tbe  other  band,  I  will  not  forbear  to  mention,  that  the  curator 
of  the  zoological  musenm  here,  Herr  Gehrig,  reared  a  considerable  nam- 
ber  of  Inrvie  from  the  same  brood,  with  which  Miss  von  Cbaavin  exi)eri> 
mented,  and  that  of  these  larvte  six  passed  through  tbe  winter  mthout 
undergoing  the  transformation.  They  were  always  kept  in  deep  water, 
and  therefore  constituted  tbe  counter-experiment  to  those  communicated 
above,  showing  that  this  whole  brood  by  no  means  possessed  a  prediii- 
position  to  undergo  the  transformation. 

If,  now,  these  new  facts  are  to  be  made  ase  of  to  clear  np  onr  conception 
of  the  natnre  of  this  unnsnot  process  of  transformation,  we  tnnst,  before 
all  else,  bring  to  onr  aid  tbe  data  already  known. 

In  the  first  place,  it  is  to  be  laid  down  that  Siredon  ]itexicanK»,in  ife  home, 
tofar  a»  ice  hnoic,  never  undergoes  the  trattsfurmalion.  From  that  locality 
it  i$  Jcaown  only  in  tbe  Siredon/orm.  Tbe  testimony  which  I  find  on  this 
poiot  comes  from  Db  Savssube,  *  who  himself  observed  the  Axolotl  in 
the  Uextcnn  wnters.  This  naturalist  has  never  seen  even  a  single  Am- 
blystoma in  the  vicinity  of  the  lakes,  and  "yet  the  larvte  of  tbe  Axolotl 
are  so  common  there,  that  they  are  brought  into  market  by  thousands." 
De  SauHsDre  believes  that  tbe  Axolotl  does  not  make  the  change  in 
Mexico. 

'  Terhudl.  d.  Sohwoli.  Natarfonch.  QeselUohalt.    Einsiedeln,  1868. 
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Cope*  asBerts  tlie  same  thing  gnite  decMedly;  ond  indiTidaals  lired 
by  htm  in  AmericaTrom  the  StreiJonJUcu;icanu«,alBO  in  captivity,  "showed 
no  inclination  to  the  transrormatiOD."  On  the  other  hood,  Tegetmeiert 
8aw  the  change  begnn  in  one  of  five  individuals  which  traced  their 
descent  to  the  Lalie  of  Mexico  and  so  the  second  fact  U  eslablislied, 
that  aho  the  genuine  and  real  Axolotl  under  certain  eireumttancei  change* 
in  conftaement  to  an  Amblyatoma. 

This  remark  wonld  be  snperdnonR,  if  it  were,  as  was  long  believed, 
trae  that  the  Azolotl  of  the  Paris  Garden  of  Plants,  whose  metamor- 
phoais  wna  first  observed  and  excited  so  much  attention  nt  the  time, 
nctaally  belonged  to  the  species  Siredon  Merneanus,  the  only  Siredon 
which  in  its  borne  bears  the  nnme  Asolotl. 

In  his  first  communication,  Dum^iit  himself  was  of  this  opinion ;  be 
called  the  creature  "SircdoM  JUejricanug "  syn.  SHmboldii;X  bntlat«r,iu 
his  detailed  work  §  on  the  change  of  the  Axolotl  contained  in  the  Gar- 
den of  Plants,  he  recalled  this  view,  and,  after  a  critical  examination  of 
the  five  described  Siredons,  came  to  the  conclusion  that  the  Axolotla  in 
the  possession  of  the  Paris  Masenm  were  probably  Siredon  liehenoidtt 
Baird. 

So  all  the  transformatioos  of  Axolotis  observed  in  Garope  were  to  be 
referred  to  this  s[>ecie8 ;  for — at  least  so  far  as  is  known — they  are  all 
descendants  of  tbe  Paris  colony.  Thence  also,  indirectly,  came  the  sail- 
jects  of  my  experiments. 

To  be  sure,  now  it  does  not  agree  with  this,  that  the  Amblystomn 
foru),  which  Dnm^ril  obtained  from  his  Axolotis,  correspnoded  ffitb 
Amblystoma  tigrtnum  Cope,  while  we  learn  by  Marsh  |i  that  Siredon 
liohetioideg  Baird  changes  to  Amblygtoma  mavortium  Baird  when  it  under- 
goes tbe  complete  metamorphosis.  Marsh  found  the  Siredon  lichenoidet 
in  Alpine  lakes  (7,000  feet  above  the  sea),  in  tbe  southwestern  portion  of 
tbe  United  States  (Wyoming  Territory),  and  by  breeding  in  aquariams 
obtained  from  itthoAviblystomamavortiumBAird.  Nevertheless,  he  holds 
it  doubtful  whether  tho  animal  ever  goes  tfarongb  the  change  in  its 
home;  to  be  sure,  without  any  sure  foundation  and  on  purely  theoretical 
grounds,  namely,  because  in  bis  judgment  "tbe  colder  temperature 
there  is  less  favorable  to  it."  ^ 

If  I  doubt  the  correctness  of  this  last  opinion,  it  is  only  because  the 
Ambli/stoma  matortium  in  a  state  of  nature  has  been  found  in  many 
parts  of  Ihe  United  States,  namely,  in  California,  New  Mexico,  Texas, 

'Dana  ftad  StUimaa,  Amcr.  Jnnni.,  3d  aeriea,  i,p.  69.    AoDalsNat.  Hist.,  rii,  p.  346. 

t  Proceed.  Zool.  Soc.  I8T0,  p.  160. 

tCompt.  ReDd.,toDieCO,  p.  T65(18G5). 

$  NoDvelles  Archives  da  Mns^am  d'Hiat.  Nat.    Paris,  18G6.    Tome  ii,  p.  369. 

I  Proceed.  Boaton  Soc,  vol.  sil,  p.  97;  Silliman,  Amcr.  Joain.,  vol.  sivi,  p.  .164;  * 
reference  to  this  in  Troscbel'a  Jabreabericbt  for  It^,  p.  37, 

1  Proceed.  Boston  Soo.,  voi.  zii,p.  97;  Silliman.Aiuer,  Jonro., xlvi,  364.  t  coaldDot 
esamlDe  theso  works  mjself,  and  quote  frotD  tbe  reference  In  Trowbora  Jahroabericb^ 
1868,  p.  37. 
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Nebraska,  and  Minnesota.  Xevertbeleas,  it  is  by  no  means  incredible 
that  jtist  ID  tbe  Alpine  lakes,  from  vbich  Marsb  obtaioed  it,  tbe  species 
occupies  n  different  position  in  regard  to  tbe  transformation  from  wbnt 
it  does  in  otlier  habitats.  This  will  be  seen  from  tbe  obserrations  on 
tbe  Triton  adduced  l>elow.  So,  until  further  observations  are  made,  I 
believe  ne  must  supimse  that  tbe  Paris  Axolotis  are  uot  Siredon  liche- 
noidea,  but  probably  a  new  and  very  closely  related  species. 

Meanwhile,  there  is  not  maob  depending  upon  this  in  the  review  of 
the  transformation,  if  it  is  only  established  that  this  Asolotl  in  its  borne 
does  not  undergo  the  raetamorphoEtis,  or  only  does  it  na  exceptionully 
as  in  Europe.  Unfortanately,  there  ia  ia  DuiD^ril's  commnuications  no 
precise  statement  of  tbe  locality  where  this  "Mexicnn"  aoimal  wtks 
found ;  probably  the  locality  was  uuknown  to  himselfi  and  so  I  can 
only  assume  on  Cope's  authority  that  no  Amhiyxtoma  bas  ever  l>eeu 
brongbt  from  south  of  tbe  provinces  of  Tamaulipiia  and  Cbibaahaa; 
tbut  is,  from  south  of  tbe  tropic* 

Of  that,  however,  there  is  no  certainty.  Much  more  important  is  tbe 
fact  adduced  above,  that  the  genuine  Asolotl  of  the  lakes  aroand  the 
city  of  Mexico  never  makes  tbe  change  to  an  Amblystoma,  but  that  this 
species  also  in  isolated  coses  undergoes  the  transformation  in  confine- 
tnent.  Ifow,  from  this  and  from  tbe  fact  that  tbe  Paris  Axolotis  in  con- 
finement are  only  transformed  to  tbe  extent  of  a  very  small  percentage, 
it  may  be  concluded  that  also  in  its  home  it  ti  either  not  transformed  at 
all,  or  only  as  an  exertion. 

But  still  another  series  of  facts  comes  very  essentially  into  tbe  account 
in  reviewing  this  history  of  transformation  :  I  mean  the  existence  of  a 
conaiderablenumber  of  species  0/ Amblystoma  in  nature.  lutbe  "Revision 
(ler  Salamandriden-Gattuugen"  (Beview  of  tbe  geuera  of  Salamanders) 
which  Straucb  f  gave  a  few  years  ago,  there  are  represented,  accord- 
ing to  tbe  examples  of  Cope,S  twtnty  species  of  tbe  Amblystoma  Tschudi 
living  iu  North  America.  Now,  allhough  a  few  of  these  species  aro 
based  only  upon  one  specimen,  and,  therefore,  as  Strauss  correctly 
says,  "must  be  suppressed  iti  time,"  yet  there  is  left  a  whole  range  of 
species  which  certainty  live  and  propagate  as  Amblystoma,  and  which 
have  their  locality  from  tbe  latitude  of  New  York  to  that  of  New  Mexico. 
Hence  there  are  certainly  species  of  Siredon  which,  under  their  natural  con- 
ditions of  life,  regularly  take  the  Amblystoma  form  a^d  propagate  in  it; 
trhile  on  the  other  hand  there  are  at  least  tiro  species  which,  under  their 
present  natural  conditions  of  life,  only  propagate  as  Siredon.  It  ia  only 
another  form  of  espresHion  for  this  fact  when  one  suys  the  Mesicim 
AxolotI,  and  tbe  Paris  Siredon  as  well,  be  this  latter  named  lichenoides 
or  something  else,  stands  vpon  a  lower  pkyletio  stage  of  development  than 
the  other  species  of  Amblystoma  which  propagate  in  tbe  salamander 

■  Dana  and  yillimnD,  Auer.  Joarn.,  3(1  ser.  i,  p.  89 ;  Annala  of  Nat.  Hist,  vii,  p.  346. 
t  FrcMwedliiga  Ae&d.  Philad.,  lii,  liJ67,  pp.  166-209. 
^Uem.  A.-ad.  Peterab.,  tume  xTi. 


Digitized  by  Google 


356      OH  CHANGE  OF  UEXICAN  AXOLOTL  TO'AN  AUBLTSTOUA. 

form.  No  oub  can  object  to  this  statement ;  wbile  the  other  proposi- 
tion, either  expressed  or  tacitly  lield  by  all  antborii,  includes  a  theory 
which  I  regard  aa  iDcorrect.  That  proposition  is :  The  Mexican  AxolotI 
bas  remained  apoD  a  lower  phyletic  stage  of  developmeot. 

All  zoologists  who  bave  expresst^d  themselves  oa  the  transformation 
of  tbe  Mexican  AxolotI,  and  who  are  not,  lilieitB  first  observer,  still 
attached  to  Cavier's  views  on  the  immutability  of  apeciex,  took  up  the 
matter  as  if  here  was  a  species  wliich  through  some  sort  of  si^cial  cir- 
cumstaDces  had  remained  behind  on  a  lower  stage  of  development,  and 
was  DOW  stimuliited  by  some  sort  of  iufiuences  to  its  advance  to  n 
higher  stage. 

For  a  long  time  also  I  did  not  believe  that  the  thing  could  be  other- 
wise understood,  little  38  I  was  able  to  bring  all  the  phenomena  into 
harmony  with  this  vie,w.  Thus  in  1872  I  used  the  following  expres- 
sions:* "Why  should  notasuddeii  change  in  all  the  relations  of  life 
(tbe  removal  from  Mexico  to  Paris)  have  bad  n  direct  inflaence  npon 
the  organism  of  tbe  AxolotI,  so  that  he  sttddenly  attained  a  higher  singe 
of  development,  which  many  of  bis  kindred  species  bare  long  since 
attained,  which  evidently  lies  in  tbe  nature  of  his  organization,  nod 
whichpercbancebealso  would  have  reached  in  his  native  haunts,  thoogh 
atalRter  period  1  Or  would  it  be  too  much  to  suppose  that  by  tb*> 
sndden  transportation  from  8,000  feet  above  the  sea-level  (the  Mexican 
highland)  to  the  altitude  of  Paris,  the  organs  of  respirotion  had  re- 
ceived a  shock  which  just  brought  them  to  tbe  change  already  close  at 
bandt  So  in  all  probability  we  have  to  do  with  a  direct  efiect  from 
altered  conditions  of  life." 

That  the  purport  of  the  last  sentence  must  also  be  held  true  to-dny 
follows  as  a  matter  of  course  from  the  experiments  communicateil  above, 
which  surely  prove  that  by  the  application  of  definite  external  inflneiiees 
we  have  to  a  certain  extent  it  in  oar  power  to  call  forth  the  transforma- 
tion. Just  in  that  fact  lies  the  new  light  which  these  experiments  have 
brought. 

But  must  we  also  understand  tbe  phenomenon  in  the  manner  above 
indicated — that  is  to  say,  as  a  pkyletio  omvard  development  of  the  speeia, 
appearing  suddenli/ and  in  a  measure  resutting  from  a  shock  t  I  believe 
pot.  What  drst  perplexed  nie  in  regnrd  tu  this  view  was  the  sight  of 
my  living  Amblystomas  reared  from  the  Inrvas  of  the  AxolotI.  These 
creatnres  by  no  means  show  a  variation  from  tbe  AxolotI  iu  single  traits 
merely,  but  they  are  dii^tinguished  from  it  in  tbeir  entire  habit;  ihey 
differ  somewhat  in  all  parts;  although  slightly  in  many,  in  others  quite 
decidedly;  in  short  they  have  become  entirely  different  animaU.  Corre- 
sponding to  this  they  also  live  qaite  difTerently;  no  longer  go  into  the 
water,  but  prefer  in  the  daytime  to  keep  hiddea  in  tbe  damp  moss  of 
their  prison,  and  at  night  come  forth  to  seek  their  food  ou  the  dry  laud. 

'"UeberdeD  li^iDfluBBilerlaoliriiDKautiliu  ArtbiIduDg"(Ou  IbelDflueLoeof  IhuIiiiod 
upon  tbe  Formatioo  of  Speoioa),  Ltsipaio,  1672,  p.  33. 
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To  be  Bare  1  could  have  perceived  the  great  differoDce  between  the 
two  stages  of  development  from  the  aoittoinjcal  dRta  long  familiar  to 
me  wUicb  Dam^ril  bad  given  on  the  structure  of  bis  Ambljatooina; 
but  tbe  reading  over  of  many  statements  in  detail  gives  no  living  pict- 
ure. At  any  rate  tbo  sight  of  the  living  animal  first  bronght  me  to  tbe 
coDsciousness  how  comprehensive  is  the  change  we  have  to  do  with 
here;  that  by  no  means  does  it  merely  concern  those  parts  which  are 
'dii'ectly  afli>cted  by  the  alteration  In  the  mode  of  life,  bat  that  moat, 
if  not  all,  parts  of  the  animal  undergo  a  traosformatiou,  which  can  be 
very  well  esplaiued  in  part  as  tbe  morpbologicAl  adaptation  to  new  con- 
ditions of  life,  in  part  as  vouseqnences  of  these  ndapUitiona  (correlative 
changes),  but  eanvot  by  any  posaibility  be  explained  in  a  icord  as  the  sud- 
denly appearing  effect  of  these  ekanged  eondiiions  of  life.  Bach  at  least  is 
my  view,  according  to  which  a  andden  development  of  tbe  species,  snch 
as  mnst  have  taken  place  here,  is  quite  inconceivable.  J  willingly  ac- 
knowledge that  a  few  years  ago  tbe  question  whether  snch  sudden  de- 
Telopment  occurs  waa  atllt  an  open  one  for  me,  but  since  then  my  invest- 
igations have  kept  urging  me  to  tbe  conviction  that  it  does  not  occur  at 
all,  aa  I  eball  abow  in  another  place.  Here  I  have  to  confine  mjaelf  to 
tbe  ezaminntion  of  this  individual  caae;  a  case  which  appears  to  me — 
as  was  above  inttmnted — quite  peculiarly  auited  to  shed  light  decisively 
a]>on  the  great  alternative,  about  which  at  the  present  moment  tbe  war 
«r  opinions  is  centered,  in  regard  to  the  doctrine  of  descent. 

I  may  well  aesume  that  hitherto  it  haa  been  with  most  students  in 
regard  to  the  metamorphosis  of  the  Axolotl  very  much  as  with  myself  j 
it  did  not  come  to  their  consciousneBS  kow  far  the  traiwformation  goes  ; 
and  so  it  may  need  to  be  made  plain  tbat  the  theoretical  importance  of 
thecase  and  its  value  as  abasia  of  inference  was  not  properly  emphasized 
by  either  side.  But  it  is  evidently  a  case  of  quite  unusual  signiflcaoce 
for  tbe  principles  involved.  I  believe  it  may  be  easily  shown  that  the 
hitherto  pretty  generally  admitted  explanation  of  the  history  of  the 
Paris  AxolotPs  transformation  ioclndes  at  tbe  same  time  tbe  recogni- 
tion of  a  very  far-rencbing  pnnci|ile,  namely:  if  this  explanation  were 
the  correct  one,  then  in  my  judgment  would  be  nt  the  same  time  demon- 
strated as  correct  the  opiuioo  of  those  who,  like  Eollikbb,  Abeehast, 
Naoeli,  and  among  tbe  philosophers  Hagthann  and  Hubeb,  wonld 
refer  the  transmutation  of  the  species  in  the  first  instance  to  a  motive 
power  dwelling  within  the  organisms,  to  an  active,  t.  e.  apontaneons, 
"law  of  development,"  a  "])rinciple  of  perfection,"  or,  as  I  should  pra- 
ter to  name  it,  a  phyletio  vital  etiergy,  in  contraat  to  the  exactly  cotre- 
tiponding  Tital  energy  of  tbe  so-called  "philosopher  domain"  in  the 
natnre  of  ontogenesis. 

If,  namely,  tbe  Axolotis  tbat  have  become  Amblyst^mas  are  to  be  taken 
as  indiridaals  which,  stimulated  by  external  influences,  bare  hastened 
on  in  advance  of  tbe  remaining  individuula  in  their  phyletio  develop- 
inent,  tbeo  this  advance  can  only  be  placed  to  the  account  of  a  phy- 
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letic  vital  energy;  for  tbe  traDsformatioti  is  a  sadden  odo;  it  leaves  io 
time  for  gradnal  adaptation  in  tbe  course  of  generatioDa.  Indirect  iafln- 
eoce  of  the  external  relatioDS  of  life,  i,  e.  natural  selection,  is  accordingly 
excluded  from  tlie  first;  bat  direct  inflaence  of  ttie  altered  circumstances 
of  life  does  not  snffice  by  a  great  way  to  explain  tbe  total  transforma- 
tion of  tbe  wbole  stmctnre,  as  I  hare  already  intimated  and  will  now 
sboff  more  miontely. 

Tbe  distinctions  between  tbe  Paris  AxolotI  and  its  resulting  Amiily- 
stoma  are,  according  to  Duu^bil,  K5lliebb,  and  my  own  observations, 
tbe  following: 

1.  Tbe  gills  disappear,  the  clefts  of  the  gills  close  up,  and  only  tbe 
foremost  of  the  arches  of  the  gill  remains  in  existeoce;  tbe  other  arches 
vanish.    At  tbe  same  time  the  Os  kyoidettm  is  changed  (Dum^oil). 

2.  Tbe  crest  on  the  back  disappears  entirely  (Dt7u£sil). 

3.  Tuerudder-lilce  tail  changes  toatail  likea8alamander's(DfM£RiL), 
which  nevertheless  is  not  quite  circular  in  section  as  in  the  Balamaoder, 
bnt  is  somewhat  compressed  laterally  (Weisiiann). 

i.  Tbe  skin  gets  yellowish- white  patches,  irregnlarly  distribnted  od 
the  Bides  and  the  back  (Ddh£bil),  while  at  the  same  time  its  former 
ground  color  of  grayish- black  changes  to  a  shining  greenisb-blauk  ( W&is- 
hann),  and,  besides,  the  shiuy  secretion  from  the  skin  is  lost  and  tbe 
glands  of  tbe  skin  become  indistinct  (KSllikeb). 

5.  The  eyes  become  prominent  and  the  pupils  small  (KOllieeb),  and 
eyelids  are  formed  which  can  close  the  eye  completely,  while  in  the 
AxolotI  only  a  narrow  circular  fold  aurrouuds  tbe  eye,  and  it  cannot  be 
closed  (Weismann). 

6.  The  toes  diminish  in  size  and  lose  tbeir  skiu-lilte  appendages  (KOl- 
lik£b),  or,  more  precisely,  the  half  web-membranes  which  unite  the 
inner  ends  of  the  toes  on  all  the  feet  (Weismann). 

7.  The  palatal  teeth  in  this,  as  in  all  Amblystoma?,  stand  in  a  diag- 
onal row,  while  in  the  AxolotI,  like  the  Triton  larvfe,  they  stand  at  the 
side  of  tbe  palatal  vault  forming  an  arched  band,  with  several  rows  of 
teeth.*  (DuH^BiL.  See  his  figure.  Zeitschrift  f.  wisseiiscb.  Zool.,  sxv 
Bd.,  Sup.,  p.  279.) 

8.  In  Che  AxolotI  the  under  jaw  bas,  besides  tbe  teeth  on  the  apper  edge 
of  the  bone,  some  very  small  teeth  disposed  in  several  rows;  these  latter 
disappear  after  tbe  metamorphosis  (Du2i£itiL).  ladd  thivtthepermaneut 
teeth  belong  to  the  os  dentate,  the  temporary  ones  to  the  oi  operei^re.f 

*DL'lil£mLbas  tbe  t«etb  of  tbe  voaier  separated  fiom  tboeeof  tbe  ot  palatinitm  b;  a 
gap.  Probably  this  waa  aa  trtiBolul  one,  na  Oacenbacr  (FfUEMRica  &  Oiornbiitr^ 
<'Der  Sobildel  dea  AxolotI"— Tbe  Skall  of  tbe  AxolotI— WtlrEbarg,  1649)  Agana  the 
toWB  of  teeth  irithoiit  iDlerroptioD,  paasioK  over  from  one  hoao  to  tbe  otbet.  Tb« 
■ame  wu  true  in  tbree  Axolotia  wbicb  1  examtDed  Id  regard  to  tbia  point;  moreoverr 
tbis  little  diffeTeuoe  is  quite  uniniportnQt  iu  tbe  qneatiou  bent  treated. 

<  See  0.  Hbrtwio,  "  Ueber  du  ZabDayatcm  der  Ampbibien  und  eeioe  Bedeutanj;  fUr 
die  Qeaeata  dee  Skeleta  der  MuodbOble."  (On  tbe  Deotal  Sjateni  of  tbe  AiDptiibift,ai>d 
it*  SienificADce  for  Ibe  Oetiraia  of  tbe  SkeletoD  of  tbs  Uoatb.)  Aich.  f.  Mikioekop. 
Aaat.,  Bd.  si,  Siipp1emeDth«f[,  ISli. 
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9.  The  posterior  face  of  eacb  Tertebra  is  slightlj  bollowed  out  before 
as  after  tbe  traDBforinatioD,  but  tbe  aoterior  face  is  less  coucave  iu  the 
Amblggtoma  tbaii  id  tUe  Siredon  (Duh^bil). 

Tbe  details  cited  froin  Dum^bu.  noder  1  and  0 1  bave  oot  so  far  been 
able  to  confirm  by  personal  examination,  as  I  was  not  willing  to  kill  any 
of  my  living  Amblystomas,  only  for  the  purpose  of  verifying  tbe  details 
of  a  nataralist  in  wLom  perfect  confidence  may  surely  be  reposed.  In 
like  mauner,  I  have  not  yet  seen  the  change  in  tbe  arches  of  tbe  gills. 
AH  tbe  other  data  given  by  KOllieeb  or  Dvm^bil  I  can  corroborate 
completely. 

The  differences  in  structure  which  exist  between  Axolotl  and  Am- 
blystoma  are  considerably  greater  and  more  important  than  those 
'between  ueigbboring  genera,  yes,  greater  than  are  fonnd  between 
the  familiea  of  tbe  Urod^a.  The  genus  Siredon  without  any  doubt 
belongs  to  a  different  avborder  from  the  geuns  Amblystoma,  into  which 
it  is  occasionally  transformed.  Stbauch,  who  has  made  tbe  latest  ar- 
rangement of  this  group,  separates  tbe  suborder  of  the  BaUtmandrida 
from  that  of  the  Ichtkyodea  by  the  posseBsion  of  eyelids  and  by  the 
position  of  the  palatal  teeth  in  a  simple  row  on  tbe  posterior  edge  of  the 
palatal  bone ;  while  in  the  Ichtkyodea  the  lids  are  wanting  and  tbe  pal- 
atal teeth  either  ^'  stand  on  the  front  edge  of  the  palatal  bone  or  cover 
the  whole  surfuce  of  tbe  palate  as  brush-like  clusters."  How  would  it 
be  posnible  pow  to  regard  anatomical  characters  standing  so  far  osander 
as  trausformutions  which  bad  been  suddenly  called  forth  by  a  siugle 
operation  of  varying  conditions  of  life  t 

Hand  in  baud  with  the  falling  out  of  tbe  old  palatal  teeth  and  the  ap- 
pearance of  new  goes  a  change  in  the  anatomical  structure  of  tbe  verte- 
bral column,  and,  as  we  may  conclude  from  K5llieeb*s  entirely  ac- 
curate obaerration  on  the  stoppage  of  the  slimy  secretion  from  the  skin, 
in  the  histological  structure  of  the  skin  itself. 

Who  would  undertake  to  explaiu  alt  these  deep-lying  changes  as  tbe 
direct  and  sudden  effect  of  any  external  iufiuences  wliaterer  operating 
buloneet  And  even  if  any  one  had  an  inclination  to  explain  them  as 
reaulta  of  the  los$  of  tite  gilU,  and  therefore  as  correlative  ekangee,  what 
woald  sach  a  eomlation  be  but  the  newly-christened  vital  energy  above 
spoken  of  1  For  if  from  otu  variation  caused  by  direct  influence  of 
external  agencies  tbe  whole  body  can  through  correlation  transform  itself 
in  a  couple  of  days  just  so  in  all  its  parts  (u  it  appears  be«t  adapted/or 
tkt  nea  conditions  of  life  in  which  it  is  henceforth  to  be,  then  tbe  word 
correlation  is  only  a  term,  by  which  nothing  is  explained,  but  tbe 
search  for  a  better  explanation  is  hindered.  Then  it  Is  preferable  that 
we  simply  acknowledge  our  belief  in  a  phyletic  vital  euergy. 

Moreover  it  certainly  is  not  allowable  even  to  wish  to  seek  as  explana- 
tion of  that  sort  (by  correlation),  for  ire  know  some  Urodela  in  tke  adult 
state  have  no  gillsy  and  yet  possess  all  other  marks  of  the  Ichtkyodea  t  lack 
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of  the  eyelids,  characteristic  type  of  the  palatal  teetb,  and  of  the  arrange- 
went  of  the  liDgaal  booes.  Buch  are  the  geueia  Amphiuma  h.,  Mrne- 
2>oma  Harl.,  ftDiI  Cryptobranohua  v.  d.  Eoev.  The  first  two  genitra,  as  is 
well  kaowu,  still  have  the  clefts  of  the  gills.  Crypiobranchua,  on  the 
contrary,  baa  lost  these  clefts,  which  are  grown  over  with  skin  as  in  the 
AmblgBtoma,  and  yet,  by  the  unanimous  testimony  of  all  systematic 
zoologists,  it  is  a  genuine  flsb-lizord  in  habit,  arrangement  of  the  lingual 
boue,  |)alntal  teeth,"  &a.  It  must  be  added  that  eeen  the  Axoloil  itte^ 
may  lose  the  gilU  icithout,  on  tlml  acoountf  changing  to  an  Auib^alonta.  I 
have  mentioued  elsewhere  that  in  Axolotls  which  are  kept  iu  water  that 
is  shallow  and  still,  the  gills  frequently  grow  small ;  but  it  also  happens 
that  they  shrivel  up  entirely.  I  have  an  AxolotI  preserved  iu  apirits, 
in  which  the  gills  are  ehriveled  to  liuie  irregular  bunches;  at  the  same 
time  the  crest  on  the  back  is  so  completely  wuutiug  that  » longitadiual 
furrow  has  appeared  in  its  place,  aud  on  the  tail  the  border  of  skin  has 
entirely  vanished  from  the  lower  margin,  and  about  half  from  the  upper. 
IJevertheleas,  the  animal  is  widely  separated  in  structare  from  the 
Amblystoma :  it  bas  the  arches  of  the  gills,  the  palatal  tt;eth,  the  skin, 
&c.,  of  the  Axololl. 

This  dumonatrates,  therefore,  that  the  loss  of  the  gUU  by  no  meant  mutt 
always  bring  after  it  all  the  other  variations  urhich  tee  see  take  place  in  the 
metamorphosis  of  the  AxolotI ;  that  these,  tlierefaref  are  by  no  means  the 
necessarily  and  immediately  appearing  result  of  that  loss.  Whether  they 
must  necessarily  appear  after  long  successions  of  generations,  whether 
also  the  desceodautid  of  Cryptobraitchus  will  some  time  in  the  future  take 
the  structure  of  the  Salamandrida,  that  is  another  question  which  I 
should  not  like  to  answer  just  in  the  negative,  but  which  does  not  oome 
into  the  account  here,  sis  we  ore  considering  only  a  possible  sudden  result  - 
from  the  loss  of  the  gills. 

The  question,  therefore,  seems  to  stand  thus :  Either  ovr  apprehention 
up  to  this  time  of  the  transformation  history  of  the  AxolotI  as  a  further 
development  of  the  species  is  incorrect,  or  the  existence  of  a  pkyletio  vittU 
energy  is  demonstrated  by  the  case  of  the  AxolotI  beyond  the  possibility  of  a 
refutation, 

Kow  the  question  comes  up,  whether  the  facts  of  this  transformation 
history  do  not  also  admit  of  another  esplaoation.  I  believe  that  this  is 
at  any  rate  possible  and  that  another  interpretation  may  be  shown  as 
the  correct  one  with  a  good  degree  of  probability. 

/  esteem  those  Amblystomas  which  in  individual  oases  have  developed  in 
con fiwment  from  Siredon  Mextcanus  (syn.  pisciformis),  as  well  as  from  the 
Paris  AxolotI,  not  as  forms  of  advancement,  but  fvrms  of  retrogression. 
I  believe  that  the  AxoUttls  which  to-day  live  in  the  lakes  of  Mexico  trere 
already  Amblystomas  a  geological  (or  better  a  eootogical)  qioch  earlier,  but 

*  See  Straacli,  Zeitacbrift.  t  Wiueusch.  ZooL,  xxv  Bd.,  Snppl.,  p.  10. 
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that  through  alterationt  in  their  etmditiont  of  t^fe  they  have  nmle  Itaak  to 
their  earlier  stage  of  the  Perennibranchiates, 

Witboot  doubt  I  was  first  led  to  this  iutepretation  by  tbe  results  I 
bad  reacbed  in  m;  stadies  ou  tbe  aeasondiaioritbism  of  butterflies.* 
There  also  we  bave  t^o  question  of  two  different  formB  tinder  wbiub  ono 
sod  tbe  same  species  appears,  and  of  wbiob  it  oiay  be  proved  as  |)rob- 
able  tbat  one  is  pbyletioally  the  older,  tbe  other  tbe  younger.  Tbe 
younger  summer  fonn  bas  iu  my  view  prooeeded  tbrongb  the  gradngil 
warming  of  tbe  climate  from  the  winter  form  that  in  an  earlier  zoologi- 
cal epoch  was  the  only  one ;  but  this  latter,  the  primary  form,  haa  iioC 
ou  tbat  (uxwnnt  ceased  to  exist,  bnt  to-day  still  alternates  every  yeiir 
witb  the  secondary,  the  summer  form. 

Now  it  is  easy  witb  tbe  eeason-dimorpbous  butterflies  to  make  the 
summer  brood  assume  tbe  winter  form,  and  tbat  by  exposing  their 
pnpffi  rather  a  long  time  to  a  lower  tempenitarejond  it  may  be  made  in 
tho  highest  degrra  probable  that  this  suddenly  appearing  variation  oe 
trausformation,  often  very  far  reaching,  is  sudden  in  appearance  only, 
and  is  bat  apparently  the  result  of  cold  acting  upon  this  generation. 
Uucb  rather  in  truth  tbe  variation  depends  upon  a  reversion  to  the 
primary  form  of  tbe  species,  and  theretbre  the  cold  that  ajtpeajs  but 
once  is  only  tbe  impulse  to  the  reeersion,  but  not  Uie  tnu  eauteoftke  trant- 
formation.  This  caaae  must  be  sought  in  tbe  long-continued  operation 
of  the  oold,  to  which  thousands  of  generations  of  tbe  ancestors  of  onr 
living  butteifiies  were  subjected,  and  whose  final  result  was  just  tbe 
winter  form. 

If  we  now  a«snme  for  a  moment  that  my  interpretation  of  the  Axolotl's 
traosformationbistory  as  just  given  is  correct,  we  have  relations  here 
which  are  in  many  respects  analogous  to  those  of  the  season-dimorphism. 
To  be  sore  tbe  two  forms  in  this  case  no  longer  alternate  regnlarly  with 
each  other,  bnt  the  primary  form  may  occasionally  appear  in  place  of  the 
secondary,  and  this  result  from  tbe  sboclt  of  external  circumstances. 
As  there  we  succeed  in  stimulating  tbe  summer  brood  by  the  action  of 
cold  to  lay  aside  the  summer  form  and  adopt  the  winter  dress,  so  here 
we  are  able  to  lead  the  Axolotls  into  the  Amblystoma  state  by  com* 
pelling  them  at  a  certain  age  to  bre'tthe  air. 

Furthu',  as  in  tbe  seaeon-dimorpbism,  it  may  be  shown  tbat  this 
transformation  called  forth  by  artificial  means  is  only  in  appearanee  a 
sudden  new  formation,  bnt  in  truth  a  reversion  to  the  much  older  win- 
ter form,  BO  here  we  also  bad  to  do,  not  with  an  actual  new  formation  of 
the  species,  bnt  only  with  an  apparent  one,  a  reversion  to  tbe  pbyletically 
older  fOTm  of  tbe  species.  To  be  sure  tbat  sounds  very  paradoxical  if 
here  is  a  form  that  must  have  come  by  reversiou,  and  yet  it  must 
undoubtedly  be  acconnted  as  the  more  highly  developed.     Bnt  I  believe 

*  Stndlen  mr  DeaoetideDztbeorle,  l.  Ueber  den  SaisoQ-Dimorphinm  der  Scbmetter- 
lioge  (Stndiea  on  thn  Dootrioe  of  Desoeot,  I.  Oa  tbe  BeMon-Dimorpbiam  of  Batter- 
Sim),  Luipalo,  1875. 
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tbat  OD  more  oarefal  consideratioa  much  of  the  paradox  wbich  Beeina  to 
lie  iu  tliis  v'law  vill  d)sapi>ear. 

Before  a,U  else,  it  is  to  be  considered  that  the  ptayletio  development 
of  the  species  ueed  by  do  means  have  always  gone  directly  forward. 
We  have  examples  enoagb  of  development  backward,  altbongb  iu 
rather  a  different  sense,  as  iu  parasites  and  such  forma,  which  have  snolt 
from  free  locomotion  to  tbe  sedeotiiry  mode  of  life.  I  do  not  ignore  the 
diffcreuce  which  exists  between  this  sort  of  development  backward  hy 
tbe  piuiug  away  of  certain  organs  or  gystemi)  of  organs,  and  proper  re- 
version. Tbe  latter  is  tke  return  to  an  animal  form  already  once  exittatt, 
bat  in  the  fornier  oa«e,  in  spite  of  all  simpliacation  of  the  organizatioii, 
something  usholly  new  is  always  formed.  Bat  I  am  able  to  see  notbing 
absurd  aa  to  principle  iu  the  suppoaition  that  a  proiwr  reversion,  also, 
be  it  of  a  whole  species  or  of  the  individuals  of  a  species  -witbiu  a  cer- 
tain habitat,  is  thought  of  asjwsn^Ifi,  and  I  do  not  for  the  present  demand 
a  farther  concession.  Why,  for  example,  should  it  be  so  entirely  in- 
credible that  the  Amlotl,  in  a  time  long  past,  was  adapted  to  living  on 
the  laud,  that  it  gradually,  through  direct  and  indirect  operation  of  al- 
tered couditioua  of  life,  bad  acqnired  tbe  salamander  form,  but  that 
later,  by  a  new  change  of  the  circumstances  of  life  unfavorable  to  its  pi'es- 
CDt  organization,  it  has  again  fallen  back  into  tbe  old  form  or  oue  lying 
near  itt  At  any  rate,  such  asoppositlon  contains  nothing  which  would 
stand  in  contradiction  with  well-known  facta,  but  can  be  sustained  iu 
several  ways;  and  finally,  it  recommends  itself  by  furnishing,  at  least 
in  my  opinion,  the  only  possible  explsuntion  of  tbe  facts  before  us. 

Tbe  above-mentioned  existence  of  a  whole  group  of  species  of  ^mb/jr- 
stoma  shows  at  once  that  species  of  Siredon  can  rise  to  the  salamander 
form,  and  can  regularly  propagate  in  that  Ibrm ;  and  further,  that  this 
phyletio  advance  has  already  actually  taken  place  in  very  many  speciea. 
But  that  a  sinking  back  from  this  higher  stage  of  development  to  tbe 
lower  can  also  take  place,  several  observations  on  our  water  salaman- 
ders show. 

It  is  well  known  that  Tritons  under  some  circumstances  become,  as  it 
is  usually  expressed,  "  seznatly  mature  in  tbe  larval  state." 

In  the  year  1861  De  Filifpi*  found  in  a  swamp  by  Lake  Maggiore 
fifty  Tritons,  of  which  only  two  showed  the  structure  of  the  full  growu 
water  salamander ;  but  all  the  others  still  bod  their  gills,  yet  corre- 
inpouded  to  mature  animals  in  bodily  size  and  in  the  development  of  the 
sexual  organs,  and  that  iu  both  sexes. 

FiLlPPi  determined  tbe  fact  that  these  "sexually  mature  Inrvs"  did 
not  merely  resemble  larvte  externally  by  the  posseaaion  of  gills,  but  that 
they  also  preaeuted  all  tbe  other  anatomical  marks  of  the  larree ;  that 
is,  the  characteristic  clusters  of  palatal  teeth  standing  on  both  sides, 
iuatead  of  the  later  simple  row,  and  a  vertebral  column,  which  etill  has 
the  Chorda  doraalia  running  through  its  whole  length. 

*  Salla  larvA  del  Triton  alpwtris,  Archivio  per  la  ZoologU,  1861. 
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According  to  my  view  tbid  would  be  a  case  of  reversion  of  the  Triton 
tothephyUiic  stage  lying  next  behind  it,  that  ig,  the  Perennibranchiate  stage  ; 
and  iu  tliis  case  most  zoologists  wlio  atsad  at  all  upon  the  footiug' 
of  tbe  doctriDo  of  descent  will  agree  witb  in;  view.  I  at  least  would' 
coant  it  a  profitless  playing  witb  words  if  any  oue  should  speak  bere  of 
larval  reproduction  aod  believe  lie  bad  thereby  explained  anythiDg.  In 
any  event  tbe  animal  becomes  sexually  matare  in  tbe  condition  iu  wbicb 
it  first  appears  as  a  larva.  But  we  first  get  an  insight  into  tbe  natore  of 
this  pbenomeoon  by  the  reflection  that  tbis  so  called  "sexually  mature- 
larva  "  has  precisely  the  structure  which  tbe  preceding  pbyletic  stage 
of  tbe  species  must  have  possessd ;  that  therefore  we  have  a  reversioo^ 
of  the  individual  to  tbe  older  phyletio  stage  of  tbe  species.  I  es- 
teem it  au  error  when  Dum£bil  puts  this  case  of  tbe  Triton  in  par- 
allel witb  tbe  genuine  larval  reproduction  of  Waonbb's  Ceddomyia 
larvfB.  There  it  id  certainly  not  reveniion  to  au  older  phyletio  stage 
which  makes  the  Iarv»  capable  of  reproduction ;  for  these  larvffl  present 
no  older  phyletio  stage  of  the  species,  but  must  have  arisen  at  the  same  time 
aith  the  species  in  its  present /jnn.  The  vast  difference  iu  the  Btructuru 
of  tbe  larva  and  tbe  fly  is  not  explained  by  assuming  that  the  latter 
has  arisen  from  tbe  former  as  from  a  finished  given  quantity,  but  by 
tbia,  that  both  at  the  same  lime  have  adapted  themselves  to  oonditions 
of  life  farther  from  each  other.*  Uegjrded  phyletioally,  these  larvte  are 
oot  at  all  a  necessary  point  of  transit  for  the  origin  of  the  fly.  Tbey 
could  also  be  built  quite  otherwise,  without  the  form  of  the  fly  needing^ 
to  be  likewise  changed ;  for  the  stages  of  insect  transformation  vary 
iodependeotly  of  each  other,  corresponding  to  tbe  conditions  of  life  to 
which  tbey  are  subjected,  and  exert  no  inflaence  apou  each  other,  or 
only  a  very  slight  one,  in  the  determination  of  form,  as  I  shall  attempt 
to  demonstrate  in  another  place.  At  any  rate,  "the  ability  of  these 
lorvfe  (tbe  Cecidompia)  to  multiply  aseznally  has  first  been  acquired  as 
a  secontiary  matter,  as  already  follows  from  the  fact  that  there  are 
namerons  species  of  tbe  same  genus  of  flies  which  do  not  feed  their 
young."  "  In  tbe  form  which  they  ]>ossess  to-day  the;  can  never  have 
played  the  part  of  the  final  stage  of  ontogenesis,  and  therefore  also 
coDDOt  have  possessed  at  a  former  time  the  power  of  sexual  repro- 
dactiou.t  In  short,  we  have  to  do  here  witb  genuine  larval  reprodnction, 
but  in  tbe  Tritons  with  reversion  to  an  older  phyletic  stage. 

Kor  can  I  agree  with  my  friend  Habokel,  when  he  designates  tbe 
reversion  of  the  Tritons  as  "adaptation  to  continued  life  in  tbe  water."! 

One  would  only  be  able  to  speak  of  "  adaptation  "  in  tbis  case  by  tak- 
ing tbe  word  in  a  sense  quite  different  from  that  with  which  Dabwin 

'Compare,  oIm,  Lubbock,  On  the  Origin  and  Hetamorpbosea  of  Inaecta.    lioodoii, 

I  See  n>7  paper  "  Uel>er  den  Saimn-Diinorpliisnia*  der  Sohmetterllnge,"  Ijeipsic, 
1675,  p.  GO. 
t  See  Haecksl's  AntbropogeDie,  p.  449. 
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aud  Wallaob  bave  iotroduced  it  into  science.  Tlioae  nataralists  dis- 
tiDguiabed  by  the  word  a  gradual  remodeling  of  tbe  body^  taking  |>laco 
in  tbe  course  of  geoerations,  correspooding  to  tbe  new  demands  of  new 
cooditions  of  life ;  in  other  words,  Ihe  operation  of  nataral  aelectioo,  but 
not  a  resalt  from  causes  of  variation  snddeuly  and  directly  acting  once 
aud  ia  one  geueratjoo. 

Just  because  the  word  *'  adaptation  "  may,  Qccordiog  to  castomaty 
use  of  language,  be  used  in  many  different  senses,  it  would  be  deeirsble 
to  take  it  only  in  one  acceptation  aud  to  have  that  fixed  exactly ;  before 
all,  not  to  speak  of  adaptation  when  there  is  no  morpkohgical  change,  but 
only  a  sort  of  exchange  of  functions  in  Dohbh's  sense.*  Thus,  for  exam- 
ple, when  FoBELf  shows  that  fresb-water  air-breiathing  snails,  whose 
organization  is  calculated  for  the  direct  breathing  of  the  air,  could 
nevertheless  pass  to  the  greatest  depths  of  the  Alpine  lak«e,  while  Ihey 
used  their  lungs  as  gills.  That  with  this  not  the  slightest  change  has 
taken  place  in  the  lungs,  is  t^bown  by  the  observations  of  t.  Siebold.) 

no  saw  the  Pulmonates  of  Bhallow  water  nse  their  Inogs  alternately 
for  direct  air-brea thing  and  for  water  breatbiug,  according  as  tbe  atmos- 
pheric coDteots  of  the  water  was  less  or  greater.  If  with  v.  Siebold  one 
should  apply  the  word  "  adaptation  "  simply  to  sacb  cases,  it  would 
lose  the  special  sense  which  was  originally  attached  to  it;  as  a  technical 
term  the  word  would  bave  to  bo  given  up. 

At  any  rata,  there  is  as  little  a  case  of  gennino  adaptation  in  tbe  Triton 
" larvae"  that  were  capable  of  reproduction  as  in  tbe  AxolotI  exception- 
ally cbauging  to  tbe  Amblystoma.  lo  both  cases,  also,  tbe  trausforma- 
tion  in  consideration  is  not  at  all  iodispensable/or  thelifeofihe  indivHual. 
Mature  Tritons  (witboot  gills)  live,  ns  I  have  witnessed,  many  months, 
probably  for  years,  in  deep  water,  althoogfa  tbey  are  fitted  for  simple 
air-breathing;  and  Azolotls,  as  I  bave  already  stat«d  above,  can  lire  quite 
well  for  years  in  sballow  and  quiet  water.  If  their  gills  shrivel,  yes, 
vanish  entirely,  this  also  yet  is  no  adaptation  in  tbe  Daiwiuian  sense,  iMt 
a  direct  resalt  of  external  influences,  principally  indeed  of  diminished  use. 

A  case  quite  aualogoas  to  FiLiPPi's  was  observed  in  1869  by  Jullien. 
Four  female  Inrvfe  of  lAsaoiriton  pttnctatua  Bell,  (synonym  for  Trito* 
twnialus  Scbnd.)  were  fished  ont  of  a  swamp  and  showed  themselves 
sexually  mature.  In  their  ovaries  they  bad  matured  eggs,  ready  for 
layiug,  and  two  of  them  also  actually  laid  the  eggs.  Four  male  larvae, 
which  were  taken  in  the  same  swamp,  showed  themselves  likewise 
developed  iit  regard  to  bodily  size,  thongh  thay  bad  oo  spermatozoa  in 
tbe  testicles,  but  only  sperm-producing  cells.^ 

*  "  Der  UrsprnDft  der  Wirbeltbie™  nod  das  Prinoip  dee  FuoctioDBWechBeU  "  (Tbe 
Origio  of  tbe  Vertebrates  Rod  tbe  Priociple  of  tbe  EicbiDxe  of  Fonctlotis).    Lripdc, 

18T5. 

t  FaDiie  profoode  dn  lao  L^Smao ;  Terbandl.  d.  Schwelc  Natnrlbiacb.  OcMUsebWt 
^D«op  FiinQB  of  Lake  Geneva).    ScbafibaDsen,  1873. 
t  ZuiUcbiin  f.  WiwoDschaftl.  Zool.  (JoaroHl  of  RdentiSc  Zooloft?),  bd.  xxifi,  1873. 
i  Coupt.  Read.,  t.  Ixvih.p.  938,9Jt)(Froceed)Dgaof  tbeFivDchAoadeiDycrfSoieDoee}. 
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A  tbird  case  of  the  same  kind  I  fiud  cited*  by  Setdig,  in  his  esnay, 
"  Ueber  die  Molcbe  der  WiirtembergiBchen  Fauna"  (On  the  Salamanders 
in  the  Fanniv  ofWilrtemberg),  ao  rich  io  interesting  detail.  8ohbkibebs, 
the  former  director  of  the  Vienna  Cabinet  of  Natural  History,  likewise 
fonnd  "larrte'' of  Triton  with  gills  well  developed,but  of  the  size  of*  adult 
males,"  and,  as  anatomical  esamination  showed,  with  well  developed 
sexnal  organs,  aa  well  as  ovaries  filled  with  eggs. 

So,  therefore,  it  is  eatablisbed  that  species  which  long  ago  attained 
the  stage  of  Snlamandrida  ia  the  phyletie  development  may  ocoasionally 
sink  back  to  the  stage  of  Perennibrancbtates.  Evidently,  this  fact  makes 
my  view  of  the  Asolot)  as  a  form  of  reversioD  appear  much  less  para* 
doxtcal.  Indeed,  the  cases  of  re%'ersion  in  the  Triton  are  directly  anal- 
ogoas  to  the  traDBOCtion  I  suppose  for  the  Axolotl. 

We  only  need  suppose  Amblystomaa  iu  the  place  of  the  Tritons,  and 
consider  the  swamp  Iu  which  de  Filippi  found  hia  "sexually  mature 
Triton  larvte"  expanded  to  the  Lake  of  Mexico,  regarding,  also,  the  an* 
known,  and  perbapa  in  this  case  temporary,  causes  of  the  reversion  as 
permanent,  and  we  have  everything  which  is  necessary  to  the  restoration 
of  the  Asolotl  as  we  know  it  to-day,  we  obiain  a  Ferennibratichia^  popu- 
lation of  the  lake. 

It  is  not  even  yet  determined  whether,  in  that  swamp  of  DE  FiLiPPi 
the  Perennibranchiate  form  of  the  Triton  does  not  actually  prevail  per- 
manentlg,  for  it  has  not,  to  my  knowledge,  been  examined  since  in  regard 
to  this  subject. 

But  if  we  assume  for  a  moment  that  it  actually  were  so,  tbat  a  colony 
of  Perennibranchiate  Tritons  lived  there,  carrying  on  reproduction  sexu- 
ally, should  we  wonder  if  occasionally,  also,  a  cenaine  Triton  came  fh>m 
oar  brood,  if  we  could  succeed  in  stimulattng  most  individuals  of  tbia 
brood  by  removal  into  shallow  water  to  the  metamorphosis  into  Tritons  I 
Bat  just  so  it  is  according  to  my  view  with  the  Mexican  Axolotl. 

But  I  need  not  limit  myself  to  sapport  my  hypothesis,  but  must  also 
directly  assail  the  tenability  of  the  one  hitherto  held,  for  it  stands  in  op- 
position  to  facts. 

If  we  really  hod  in  the  Axolotl  a  suddenly  occurring  pbyletic  further 
development,  then  one  fact  woald  remain  wholly  incomprehensible, 
namely,  the  sterilitff  of  the  Ambli/stomas, 

Of  about  thirty  Ambtystomos  which  Dnm6ril  had  obtained  op  to  the 
year  ISTO,  full  sexual  maturity  had  not  appeared  in  a  single  one;  neitber 
copulation  nor  the  simple  laying  of  e^gs  bad  taken  place,  and  the  indi. 
vidnals  that  were  examined  anatomically  showed  the  eggs  immature  and 
tbe  spermatozoa  present  indeed,  but  without  the  undulating  membrane 
belonging  to  all  the  Saliimandrida.  Tliey  were  not  destitute  of  all  power 
of  motion,  but  as  Qcatbefages  stated,  only  moving  imperfectly.f 


■  ArchiT  f.  Nalnrgescbicbte  (ArohiTes  for  Mataral  HiBtory),  1667. 
t  Compt.  Bead.,  t.  Isx,  l'J70. 
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The  five  Amblystomas,  on  nbichi  hare  reported  here»  have  shown,  op 
to  the  present  time,  do  sppearancoa  of  reproclactioa. 

It  is  evideDtl;  an  objection  that  will  very  poorly  stand  the  test  wben 
Sacc  *  attributes  the  sterility  of  the  Amblystomas  reared  from  Asolotla 
to  "poor  food."  Wby,  then,  do  the  Axolotls  reprodace  so  easily  wben 
they  are  fed  exactly  the  same  1  I  can  also  state  exprcHsly  that  my  Ani- 
blystouiasareguite  excellently  fed.  To  be  anre,  these  have  hardly  reached 
tlie  age  of  one  and  a  half  years;  but  the  Axolotls  propagate  the  second 
year,  and  some  of  Dum£ril'b  Amblystomas  were  five  years  old  in  1870. 

The  fact  of  sterility  stands  iti  clear  opposition  to  the  view  that  these 
Amblystoioas  are  the  regular  advanced  guards  of  the  genas  Siredon  as 
It  moves  forward  in  phyletic  development.  To  be  sure  I  will  by  no' 
means  maintain  that  my  theory  of  reversion  could  actaally  explain  the 
sterility,  but  at  least  it  does  not  stand  directly  in  contradiction  with  it. 
Mere  forms  of  reversion  may  perish  without  reproducing  themselves. 
A  i\BW  form  called  forth  by  the  working  of  an  nnknowa  phyletic  vital 
energy  cannot  be  a  sterile  one,  because  this  directly  destroys  again  the 
"purpose"  which  the  vital  energy  is  parauing.  The  idea  of  the  vital 
energy  includes  that  of  teleology. 

Moreover,  from  our  standpoint  the  sterility  of  the  Amblystomas  may 
be,  if  not  completely  understood,  yet  shown  as  a  phenomenon  that  does 
not  stand  quite  alone.  In  the  case  of  the  Liaaotriton  punclatus,  as  quoted 
Above,  the /emale  "larvte"  were  at  any  rate  sexually  mature  and  laid 
eggs,  bat  at  the  same  time  the  males  had  no  perfected  spermatozoa  in 
the  testicles. 

Other  cases  of  the  kind  are  not  known  tome.  At  the  time  when  I  made 
my  experiments  with  butterflies,  as  mentioned  above,  this  point  of  view 
was  still  unseen,  and  so  I  neglected  to  examine  the  artificially  produced 
forms  of  reversion  in  regard  to  their  orgnus  of  generation.  But  general 
principles  also  lead  to  the  conclusion  that  atavistic  forms  may  easily 
remain  sterile. 

Dabwik*  finds  the  most  immediate  causes  of  sterility,  first,  in  the 
operation  of  widely  varying  circumstances  of  life;  and,  second,  in  the 
crossing  of  individuals  with  widely  differing  constitutions.  Varying 
circumstances  of  life  are  at  any  rate  what  induue  the  trnnsforroation  of 
the  AxolotI,  and  from  this  point  of  view  it  could  not  be  surprising  if  we 
Bud  those  individuals  sterile,  which  have  precisely  shown  themselves  as 
especially  aETected  by  these  altered  conditions  of  life,  since  they  have 
reverted  to  the  salamander  form.  In  this  reasoning  it  is  by  no  means  as- 
serted that  reveraion  always  and  tcithout  exception  is  accompanied  by  ster- 
ility. Kor  can  it  be  objected  to  my  iuterpretiitiou  of  the  Axolotl's  trans- 
formation that  through  reversion  a  colony  of  Axolotls  capable  of  reproduc- 
tion never  could  have  ariseu.    On  the  contrary,  Jullien's  female  Triton 

'Ball.  Sod.  NeaohAtel,  Bd.  vlii,  p.  192,  ft  refeceDce  to  tbe  place  In  Troscbel's  JahrM- 
berioht  (ADDnal  Bepart),  for  18611. 
'Origin  of  Species,  5tb  edition,  p.  335. 
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tArvsD  tbat  laid  eggs  exactly  prove  that  even  in  reveraion  tbe  power  of 
reprodnction  may  remaio  complete.  From  the  universal  caases  of  ster- 
ility mentioned  above,  it  mey  be  ioferred  tbat  tlirougb  tbose  caases 
rrnitfuloess  may  be  loat  in  different  degree:  and,  farther,  it  may  id  a 
measore  be  nuderstood  why  the  frnitfiilneas  ia  more  completely  loat  iu 
the  reveraiOD  to  the  Amblystoma  form  than  io  the  reversiou  of  the  Tri- 
ton to  tbe  PerennibraDchiate  form. 

If  iu  these  cases  tbe  reversion  ia  called  forth  by  alteriog  tbe  con- 
clitioDB  of  life,  one  may  perhnpa  imagine  that  the  extent  of  this  altera- 
tion will  also  fix  the  degree  of  fertility  wbiob  the  alaristio  form  can  pre- 
serve ;  but  still  more  will  tbe  fertility  be  ioflaenced  by  tke  extent  of  the 
morphological  skip  which  is  made  in  the  reversion. 

We  know  that  the  blending  of  widely  varying  coostitntiona  (e.  g.,  in 
the  crossing  of  diifereat  species)  produces  sterility.  Something  similar 
takes  place  also  in  tbe  sadden  reversion  to  a  stage  of  development  widely 
varying  in  its  whole  strocture.  Ilere  also  takes  place  to  a  certain  extent 
tbe  nnioo  of  two  very  dififerent  constitutiooa  in  one  iadividaal,  a  sort  of 
crossing. 

From  this  point  of  view  it  may  be,  to  some  extent,  understood  why 
sterility  may  be  a  result  ot  the  reversiou,  but,  on  tbe  other  hand,  we  ob- 
tain no  explanation  why  with  the  same  breadth  of  morphological  varia- 
tion there  occurs  in  one  case  complete  sterility,  iu  tbe  other  relative 
fruitfnluesB.  The  extent  of  the  morphological  contrast  is  exactly  tbe 
same  between  AxolotI  and  Amblystoma  as  between  Triton  and  its 
"sexually  mature  larvse."  The  difference  in  the  two  cases  of  reveraion 
lies  entirely  in  tbe  direction  of  tbe  skip,  which  iu  the  first  case  is  made 
exactly  in  tbe  contrary  direction  to  tbat  in  tbe  second. 

Jnat  in  that  I  would  seek  the  reason  for  the  varying  force  with 
which  the  power  of  reprodactiou  is  afifected ;  not  in  tbe  direction  of  the 
leap  tn  and/or  itielf,  bat  in  the  ditferencea  of  tbe  ontogenesis,  which 
are  conditioned  upon  the  direction  of  the  leap. 

Tbe  reeersion  of  tbe  Triton  to  an  older  phytetio  stage  coincides  with 
remaining  upon  a  i/ounger  ontogenetio  stage ;  or,  in  other  words,  tke  older 
stage  of  phylogenesis,  to  akich  the  reversion  talces  place,  is  still  entirely  in- 
eluded  in  the  ontogenens  of  every  individual.  Every  Triton  is  a  Perenui- 
branchiate  for  a  considerable  portion  of  its  life;  the  individual  that 
makes  the  reversion  simply  reverts  to  an  older  pbyletic  stage  by  re- 
maining in  the  larva  stage  of  its  individual  development. 

Quite  otherwise  with  the  reversion  of  the  AxolotI  to  tbe  Amblystoma 
form,  which  had  been  once  reached  at  some  former  time,  bnt  long  since 
given  up.  This  is  not  included  in  the  ontogenesis  of  the  AxolotI,  but  has 
entirely  fallen  out.  For  a  long  succession  of  generations — so  we  must 
Buppose^the  ootogeuesia  baa  always  proceeded  only  Co  tbe  Pcrenni- 
hraoohtato  form.  If  now  single  individuals  are  made  to  revert  to  tbe 
Amblystoma  form,  no  greater  leap  in  respect  to  morphology  is  made 
than  in  the  reversion  of  the  Triton  to  the  Percnuibranobiate  form.     At 
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the  some  time  it  inrolves  a  leap  in  an  opposite  direction,  namely,  a  leap 
away  over  a  long  aaccessioo  of  generations,  back  to  an  animal  form, 
vhicli  for  a  loog  time  tbe  species  bad  not  prodaced,  which  to  a  certain 
extent  had  berame  foreign  to  it. 

Wo  Btaoold  therefore  have  bore  also  the  coiocident  efBect  npontbe 
Axolotl's  constitntion  of  a  widely  different  constitntioD,  or — if  one  pre- 
fers—the blendiug  of  two  widely  varying  constitutions. 

Of  coarse  I  am  very  far  from  wishing  to  give  this  explanation  for  an 
exact  one.  It  is  nothing  moi«  than  an  attempt  to  point  ont  the 
force  in  which  we  are  to  seek  for  the  canse  of  the  varying  extent  to 
which  the  power  of  reproduction  is  effected.  To  investigate  more 
deeply  and  to  demonstrate  specially  in  what  manner  this  force  comes 
into  operation  mnst  be  left  to  a  later  time.  For  the  present  it  mnst 
snfflce  to  have  shown  in  this  connection  that  in  general  flo  essential 
difference  exists  between  the  two  kinds  of  reversion,  as  well  as  to  have 
made  it  in  some  measore  comprehensible  that  this  difference  maybe 
the  motive  force  in  relation  to  the  qnestion  of  sterility.  Perha|)3  the 
law  involved  here  may  some  day  be  formnlated  thns :  Ataviatie  inditid- 
vaU  lose  the  power  of  reproduction  the  more  eompleteltf  at  the  series  of 
generations  of  their  ancestors  is  hnger  whose  ontogenesis  no  longer  ooHtain* 
the  phgletioalbj  older  stage  to  wkich  the  reversion  takes  place. 

Consequently  onr  hypothesis,  which  regards  the  transformation  of  the 
Axolotl  OS  a  reversioD,  offers  as  at  once  the  possibility  of  learning  to 
understand  the  sterility  of  the  Amblystomas  produced  from  Axolotls. 
So  on  the  contrary  tbe  observed  sterility  of  these  Amblystomas  is  for 
those  who  think  that  a  phyletic  vital  energy  was  here  exertfd — let  it  be 
named  whatever  it  may — not  only  "a  veritable  scientific  enigma,"  as 
Dcu^BiL  expresses  himself,  bat  a  complete  parodox.  Of  such  a  design- 
ing,  impelling  principle  it  onght  to  be  expected  that  it  wonld  bring  forth 
new  forms  capable  of  life  and  not  decayed  to  tbe  point  of  dying  oat;  and 
this  so  mach  tbe  more  since  there  is  concerned  a  combination  of  strac- 
tornl  peculiarities,  which,  when  it  has  originated  in  another  way  (namely, 
from  other  species  of  Siredon),  has  alreads  long  ago  shown  iUelf  capabU  of 
life  and  reproduction.  We  know  species  of  Amblystoma  which  reproduce 
as  snch,  and  every  one  of  which  comes  from  a  larva  like  tbe  Axolotl.  One 
cannot,  therefore,  explain  the  sterile  Amblystomas  which  the  Paris  Axo- 
lotl produces  as  an  nosuccessful  effort  of  the  vita!  energy — an  explana- 
tion, which  to  be  sure,  would  be  in  and  for  itself  sufficiently  presump- 
tuous. 

But  DOW  it  may  be  asked.  What  change  in  the  conditions  of  life  eovtd  it 
have  been  which  made  the  Amblystoma  in  the  Lake  of  Mexico*  revert  to 
the  SiredoD  form  t  To  be  snre,  I  can  only  answer  this  question  with  con- 
jectures, which  can  claim  but  a  limited  value  so  long  as  they  cannot  bo 
sustained  by  a  more  exact  knowledge  of  the  circnmstanees  there  and 
the  habits  both  of  the  Axolotl  and  the  Amblystoma. 

'Aa  wedo  not  know  tbe  origiD  of  tbe  Pam  AxuloU,  I  muBt  coufin«  mjMlf  in  tbe 
tdaoiilofi  to  Siredon  iltxiomM tihAW.  i^  OoO^jlc 
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Id  general  it  may  be  preaamed  that  the  same  external  influencet 
demanded  the  reversion  which  at  an  earlier  time  called  forth  tlie  Jbrmation 
of  the  Perennibranchiate  stage. 

In  favor  of  this  conjectnre  we  may  addace  the  experimeDts  here  com- 
monicated,  for  erideotly  it  is  tbe  stimolns  of  tbe  air  breathing  which 
brings  the  yonng  Axolotls  to  tlie  reversion  to  the  Amblystoma  form, 
i.  e.,  the  same  stimnlas  noder  whose  dominating  inflnence  the  Ambly- 
stoma form  mast  bave  arisen. 

Bnt  the  case  is  qaite  similar  with  the  season- dimorpbons  botterflies. 
There  a  reversion  of  the  sammer  brood  to  the  winter  form  is  most  easily 
called  forth  by  the  operation  of  cold,  t.  e.,  by  the  same  iirfinences  nnder 
whose  control  the  winter  form  was  developed.  We  know,  at  any  rate, 
that  reversion  may  arise  also  from  the  crossing  of  races  and  species, 
and  I  soDght  to  show  that  reversion  in  bntterflies  may  also  be  called 
forth  by  other  inflnences  than  cold.  Bat  the  most  probable  presamptioo 
is  eviOeotly  the  one  that  tbe  reversion  was  indnced  through  a  recurrence 
of  tbe  same  canse  which  to  a  certain  extent  produced  the  Perenoi- 
brancbiate  form.  That  this  fonn  has  been  shaped  auA^  the  inflnence 
of  life  in  the  water  admits  or  no  doobt;  and  so  my  conjecture  is  that  tbe 
hypothetical  Amblystoma  Mexicanum,  the  snpposed  ancestral  form  of 
the  present  Axolotl  of  the  Lake  of  Mexico,  mmt  have  been  brought  to 
revert  to  the  Perennibranchiate  form  by  the  circumstance  that  the  possibility 
of  going  on  land  was  taken  from  it  and  it  was  constrained  to  stag  in  the 
Kttter. 

I  will  not  r^ect  beforehand  every  other  opinion.  We  iflust  carefully 
distinsaish  between  the  mere  provocations  which  are  able  to  prodace 
sudden  reversion  and  actual  canses  of  variation  which  have  for  their 
result,  directly  or  indirectly,  the  molding  of  a  species.  So  it  wonld 
not  be  inconceivable  a  priori  that  reversion  shoald  occar  through  the 
working  of  an  impnlse  wtfich  has  nothing  to  do  with  the  origin  of  the 
phyletically  older  fortn.  Certainly  temperatnre  has  had  no  share,  or 
only  a  very  alight  one,  in  tbe  fashioning  of  tbe  Perennibranchiate  form. 
Yet  cold,  in  and  for  itself,  might  qntte  well  be  one  Of  the  provocations 
which  one  day  caused  the  Amblystoitia  fordt  to  revert  to  the  Siredon 
form ;  and  one  could  Tuit  a  priori  contradict  De  SAtrSfnmE  when  he 
expresses  the  opinion  that  tbe  low  temperature  of  the  Mexican  winter 
must  hinder  the  transformation  (of  tbe  Axoloti  to  the  Amblystoma) 
which  had  taken  place  "  in  the  hot  reptile  room"  of  tbe  Paris  Jardin  des 
Ptantes.  He  supports  his  view  by  the  fact  that  "  Tbohodi  has  found 
the  Amblystoma'^  (of  course  another  species)  "in  the  hottest  part  of  the 
United  States."  "  On  the  ptateflo  of  Mexico,  however,  it  mows  «very 
winter ;  and  although  the  lake  does  not  IVeeze,  its  temperatnre  must  sink 
very  low  near  the  snrface." 

But  althongh  no  theoretical  considerations  oppose  this  view,  yet  I  do 
not  tbink  it  correct.  I  question  very  much  that  it  was  the  temperatnre 
which  induced  the  change  from  tbe  Amblystoma  back  to  tbe  Axoloti, 
24  S 
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or — according  to  De  Sausscre's  explaoatioii — wbicb  at  the  present 
hinders  tbe  transformation  of  the  Axolotl  in  the  Lake  of  Mexico.  Ibis 
is  tbe  reasoD  for  my  doabt :  From  all  portions  of  tbe  United  States  to  tbe 
northward  of  New  York  Amblystomas  have  been  collected ;  a  proof  that 
even  a  mnch  greater  degree  of  winter  cold  than  that  foand  on  tbe 
plateau  of  Mexico  is  do  tainderance  for  tbe  traDsfonnation  of  tbe 
Axolotl ;  that  tbe  genns  does  not  prove  more  sensitive  in  this  respect 
than  oar  native  genera  of  Salamandrida. 

More  coDsideratioQ  seems  to  me  to  be  deserved  by  the  following 
remarks  of  De  Sadssdsb,  in  which  he  points  ont  the  character  of  the 
Mexican  lake  :  "The  bottom  of  this  lake  is  Oat,  so  that  one  comes  im- 
perceptibly from  the  lake  to  wide,  swampy  regions  before  he  reaches 
firm  ground.  Perhaps  this  condltioo  makes  tbe  Axolotl  nnable  to  get 
to  the  dry  land,  and  so  binders  tbe  transformation." 

At  any  rate  tbe  Lake  of  Mexico  offers  very  peculiar  conditions  of  life 
for  an  amphibions  animal.  My  esteemed  friend,  Dr.  V.  Fbantzivs, 
called  my  attention  to  it  that  this  lake,  like  many  others  also  of  tbe 
Mexican  lakes,  is  hrackisb.  At  the  time  of  the  conquest  of  Mexico 
by  Ferdinand  Cortez  this  circnmstance  caused  the  fioal  surrender,  as 
the  Spaniards  cut  off  the  water  from  tbe  besieged  and  the  lake  water 
is  not  drinkable.  The  old  Mexicans  had  already  built  conduits  from 
the  distant  mountaius,  and  at  the  present  day  the  city  is  still  depend- 
ent OD  the  water  brought  in  by  aqneducts. 

INow,  this  saltoess,  in  and  for  itself,  could  be  no  cause  for  the  falling 
back  to  the  Perennibranchiate  form,  but  might  be  such  a  canse,  in 
connection  witb  other  peculiarities  of  the  lake.  Tbe  shallowest  part  of 
the  lake  is  the  eaatem,  aud  only  in  this  part  does  the  Axolotl  live.  Id  the  - 
winter  violent  storms  from  the  east  blow  regularly  and  persistently,  which 
come  down  from  tbe  monn tains  and  drive  the  water  before  them  so  power- 
fully that  it  rises  in  the  western  part  of  the  lake  and  frequently  causes 
overflows  there,  while  from  the  fiat  eastern  shore  the  bottom  is  laid  com- 
pletely dry  for  2,000  feet.*  Now  if  one  puts  together  these  two  x>eculi- 
arities,  the  salt  and  tbe  periodical  drying  of  a  part  of  tbe  lake-bottom  by 
continued  winds,  he  gets  at  any  rate  conditions  of  life  for  tbe  Axolotl 
snch  as  can  be  found  in  very  few  other  places.  To  be  snre,  one  might 
attempt  to  turn  them  to  use  just  in  an  opposite  sense,  nnfavorable  to  my 
theory,  for  tbe  withdrawing  of  the  water  from  a  great  part  of  the  lake 
bottom  onght — so  might  one  think — rather  to  make  easier  the  animal's 
traosition  to  living  on  the  land }  yes,  just  compel  it  thereto.  But  one  for- 
gets, however,  that  the  bared  lake-bottom  is  a  sterile  platny  without  food 
aud  without  hiding-place;  above  all,  without  vegetation;  and  further, 
that  through  the  pretty  considerable  saltness  of  tbe  water  (specific 
gravity,  1.0215)  all  the  surface  laid  dry  mnst  be  covered  witb  a  crust  of 
salt,  a  condition  which  will  make  feeding  on  tbe  land  just  impossible. 

.  *  MiihleDpfardt,  Tenach  einet  Ketreneu  Scbilderang  der  R«pabltk  Meijco,  Hanorrr, 
IB44,  ii,  p.  252  (Attempt  &t  a  troe  Ptotoreof  tbe  Bepablio  of  Mexico). 
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Gliloride  aod  carbonate  of  sodu,  cbiefiy,  ore  dissolved  io  the  water  in  so 
sensible  a  qaaotity  that  tbey  are  regalarly  precipitated  as  a  crnst  on  the 
tjliorti  of  the  lake,  and  this  crnst  is  gathered  there  daring  the  dry  sea- 
son and  comes  into  the  market  noder  the  name  of  teqaisqnite. 

So,  therefore,  there  is  no  lack  of  points  of  support  for  the  conjectnre 
that  peculiar  circumstances  made  life  on  the  land  more  difiScalt  to  the 
animal  than  life  in  the  water,  and  this  alone  might  have  been  sufficient 
to  bring  it  back  to  the  habit  of  water -life  only,  and  with  that  also  to  the 
reversion  into  the  Perennibranchiate  or  Ichtbyodea  form. 

Yet  a  truce  to  conjectures.  We  cannot  lament  that  from  the  great  dis- 
tance and  lapse  of  time,  we  are  not  in  the  condition  to  ascertaio  with 
definiteness  the  causes  which  compelled  the  Azolotl  to  give  ap  the 
Amblystoma  stage,  so  long  as  we  are  not  able  to  solve  the  cose  of  rever- 
sion that  lies  much  nearer  to  as  in  the  Tritons  of  Filippi  and  Jullien. 
Yet  here,  also,  oniversal  canaes  affecting  the  whole  colony  of  Tritons 
mast  have  been  at  the  foundation,  since,  at  least  in  Filippi's  case,  the 
great  majority  of  the  individuals  remained  in  the  larva  state.  It  must 
be  that  experimeats  with  Triton  larvae  would  bring  greater  clearness 
here ;  they  would  have  to  determine,  before  all  else,  whether  the  rever- 
sion can  be  called  forth  nrtiSciolly,  and,  if  this  is  the  case,  through  what 
ioflaences. 

According  to  the  above-quoted  ezperieoces  with  butterflies,  as  well 
as  according  to  the  results  attained  with  Axolotis,  we  should  have  to 
expect  with  the  Tritons  that  the  reversion  to  the  Ichthyode  form  would 
occar  if  one  would  continue  the  stimulus  of  the  water  batbiug  the  gills 
and  the  whole  body,  and  at  the  same  time  would  take  away  the  stima- 
las  ander  whose  operation  the  SaJamandrida  form  has  been  fashioned — 
the  stimulus  of  the  air  bathing  the  gills,  the  skin,  and  the  lungs.  I  < 
hope  at  a  later  time  to  be  able  to  report  on  experiments  of  this  kind.* 

No  one  will  wish  to  object  to  my  hypothesis  of  reversion,  that  on  one 
side  it  opposes  what  it  of  itself  postulates  on  the  other  aide:  a  tuiden 
change  of  structure.  The  characteristic  of  the  reversion  is  precisely  in 
reaching  at  a  bound  an  older,  that  is,  an  earlier  existing  phyletic  stage. 
That  this  occurs  is  a  fact ;  while  the  reaching  at  a  bonud,  to  express 
myself  figuratively,  of  an  aim  (pardon  the  word)  that  lies  forward  has 
never  yet  been  proved  or  even  made  probable. 

But  as  we  succeeded  in  finding  in  the  Axolotl's  present  conditions  of 
life-forces  which  make  its  life  on  tbe  land  diOicult  or  quite  impossible, 
and  therefore  show  a  motive  for  that  return  to  the  Ichthyodoa  form 
which  seems  to  have  taken  place ;  so  can  tbe  other  side  of  my  hypothesis 

'At  an;  riite,  ScnREiuitRS  Buema,  in  bia  essay  already  clt«d  above,  to  have  commaDi- 
cat«d  esperimeata  from  vbich  tt  follons.iu  Leydic  recApitolatM  tfaem  in  tlie  pltice 
referred  to,  tbiit  tbe  last  changp,  i.  e,,  tbe  toaa  of  tbe  gilti,  "  ma;  be  delayed  by  forcible 
moatie."  To  be  sure,  it  does  not  fuUow  from  tbia  that  tbe  ouImalB  of  tbe  eipetiment 
also  became  sexaally  matnre  at  tbe  game  time.  UofoTtanately  I  could  not  myself  ex- 
amioe  tbe  paper,  as  the  Tolome  of  the  Iris  for  1833,  as  referred  t^i,  contaios  DOtbiog 
of  tbe  kind,  aod  I  have  Vived  for  a  long  time  at  a  dititaace  from  any  large  library. 
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be  supported  by  facts,  namely,  the  aesDmption  tbat  the  ancestors  of  the 
Axolotl  bad  at  an  earlier  time  already  been  Amblystomas. 

We  know  fh>ni  Humboldt  •  that  tUe  sorface  of  the  Lake  of  Mexico 
ouco  lay  considerably  higher  than  at  present,  and  tbat  in  a  time  com- 
paratively modern.  We  know,  further,  that  the  plateau  of  Mexico  was 
covered  with  forest,  while  now  the  forest  has  vanished  where  the  aettle- 
ments  of  man,  especially  of  the  Spaniards,  have  reached.  N^ow,  if  one 
may  suppose  that  somewhere  abont  the  diluvial  epoch  the  monntain 
forest  extended  to  the  edge  of  the  lake,  then  still  deep  and  with  abrupt 
shores  and  ooDtaining  considerably  less  salt,  we  have  iudicatcd  condi- 
tions of  life  not  only  difiFerent  essentially  from  the  present  ones,  but  also 
such  as  were  quite  specially  favorable  for  the  shaping  of  a  species  of 
the  Salftmandrida, 

Id  the  light  of  all  this  I  believe  people  will  not  be  able  to  cast  upon 
my  attempt  to  explain  the  exceptional  metamorphosis  of  the  Axoiotl 
from  the  Lake  of  Mexico  the  reproach  of  being  too  free  a  flight  of  fancy. 
At  ang  rate  it  U  the  onlp  possible  explanatiim  which  can  be  opposed  to 
that  other  one  which  assumes  that  the  occasional  transformation  of  the 
Axoiotl  Is  not  reversion,  bnt  an  effort  to  advance.  And  this  assamptioQ 
mast,  in  my  estimation,  be  rejected  on  pnrely  theoretical  groands  by 
every  one  who  thinks  a  sudden  traDsformation  of  species  inctmceivable^  at 
least  when  it  is  joined  with  adaptations  to  new  conditions  of  life.  That  as- 
sumption mast  be  njected  by  every  one  who  looks  npon  adaptations  not 
83  the  work  of  magic  arising  at  a  stroke,  but  as  the  final  result  of  a  loog 
succession  of  natural  caases,  tbongh  separately  slight  and  imperceptible. 

Should  my  interpretation  of  the  fiicts  be  correct,  this  history  of  trans- 
formation would  not  have  a  significance  bo  far-reaching  as  if  it  conid 
have  been  taken  in  favor  of  beterogeneons  creotion,  namely :  in  tbat 
case,  demonstrating  the  existence  of  heterogeneoas  creation,  it  woald 
have  settled  the  question  between  that  and  transmutation,  Now,  on  the 
contrary,  it  brings  no  definite  decision,  because,  strictly  taken,  the 
refutation  of  sudden  transformation  in  one  case  only  proves  it  as  not 
present  for  this  one  case. 

Bat  it  is,  after  all,  a  contribution  to  the  gradual  and  complete  rejeotioa 
of  snch  sudden  transformatran.  IFone  case  after  another  which  seemed 
to  speak  for  heterogeueons  creation  is  proved  untenable  on  that  theory, 
the  argument  by  induction  ntusl  finally  acquire  sufficient  strength  to  be 
acknowledged  as  satisfactory. 

]f  my  viewof  the  facts  is  coirect,  a  few  corollaries  result  from  it  which 
here  at  the  close  I  should  like  to  mention  briefly. 

First,  a  thing  that  is  more  external : 

If  the  Siredon  Mexieanus  Shaw  only  assumes  the  Amblystoma  form 
by  occasional  reversion,  but  never  reproduces  as  such,  but  only  as  Sire- 
dony  we  cannot  approve  the  action  of  tbe  latest  writers  on  systematic 
zoology,  who  simply  strike  tbe  genus  Riredan  out  of  the  system,  and 

'See  Hilbleaprordl'a  book  alreftd;  qaoted,vol.  i. 
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briu^'  in  the  Stredon  Mexicanta  as  aa  anwelcooie  addition  ooder  the 
geans  Ambti/itoma.  So  long  aa  there  are  not  one  oal;,  bat  several  species 
of  Siredon  on  the  earth,  which  are  regularly  reprodaoed  a$  tuoh  and  only 
as  sncl],  80  long  the  geous  exists.  And  if  we  woold  not  quite  rob  the 
systematic  writers  of  the  hope  that  some  time  these  species  of  Siredo» 
would  rise  to  tie  AmUyatomas,  yet  It  corresponds  better  to  the  state  of 
things  now  existingon  the  earth  if  we  still  allow  thegeqaa  Siredanto  stand 
among  the  genera  of  fish-salaioanders  and  reckon  in  it  all  those  species 
which,  like  the  Paris  AxolotI,  the  Siredon  Mexicanm  Shaw,  and  proba- 
bly also  Siredon  lichenoidesy  only  take  the  Amhlystoma  form  as  an  excep* 
tion  or  by  artificial  infinences,  but  without  reproducing  themselves  in  it. 

On  the  other  hand,  all  those  species  may  probably  be  added  to  the 
genas  Amblystoma  which  reproduce  in  this  state,  and  in  which  the 
PereuDibrancbiate  s^age  appears  only  as  a  larval  condition. 

To  make  this  distinction  in  the  individual  case  will  be  chiefly  the  task 
of  the  American  naturalists,  from  whose  ever-increasing  activity  we  may 
hope  indeed  for  faller  details  on  the  reprodnction  of  the  numerons  spe- 
cies of  Amblystoma  in  their  native  land.  I  shoald  rejoice  if  my  expla- 
naMons  here  presented  should  give  an  impulse  to  snch  investigations. 

The  second  corollary  tu  which  I  referred  is  of  a  porely  theoretical 
natnre.  It  concerns  an  addition  to  the  "fandAtnental  laic  in  tke  genetis 
of  life,"  first  set  forth  by  Fritz  Aliiller  and  Haeckel.  It  is  well  known 
that  this  is  stated  in  the  following  proposition :  The  Ontogeneais  contains 
in  itself  the  Phylogenesis,  more  or  less  contracted,  more  or  less  modi- 
fied. Although  the  proposition  cannot  be  rigidly  proved,  because  we 
have  no  means  of  seeing  the  phyletic  development  directly  unfolded  be- 
fore our  eyes,  yet  its  correctness  and  general  validity  can  be  made  so 
highly  probable,  in  an  Indirect  way,  that  few  naturalists  of  the  present 
time  doubt  it  who  have  occnpied  themselves  with  the  history  of  devel- 
opment and  comparative  morphology. 

Kow,  according  to  this  proposition,  every  stage  of  the  phyletic  devel- 
opment, when  it  is  displaced  by  a  later  one,  must  remain  included  in 
the  Ontogenesis,  and  therefore  come  to  light  in  th^  form  of  an  ontoge- 
netic stage  in  the  development  of  every  individual.  I^ow,  vitb  this  my 
explanation  of  the  Axolotl's  transformation  appews  to  Btai)4^  in  oontira- 
dietion,  for  the  A^olotl  which  hod  in  former  generationa  been  an  Am- 
hlysttyma  contains  nothing  of  the  Amblyatoma  in  its  Ontogenesis.  NQvar- 
theless  the  contradiction  is  only  apparent.  A%  soon  aa  a  further  develop- 
matt  is  actually  in  question,  and  therefore  the  attainmient  of  a  new  sti^e 
not  yet  realized,  so  soon  the  older  st^ge  ia  taken  up  in^o  the  Ontogen- 
esis. But  it  is  not  so  wbeq  tl)e  new  is  not  actually  new,  bnt  has  at  a 
former  time  presented  the  final  atftge  of  the  individual  development,  or, 
in  other  words,  when  tbere  is  a  reversion,  not  of  tjbe  singly  individual, 
hut  <^  tke  cedents  $uch  to.tiie  pc&xf^oe  phyletic  9tfige,.an^,  theiefoEe, 
a  phyletic  sinking  bapk  of  the  species.  7a  tlas  cast  the  final  stage  qf  the 
Ontogenesis  ia  simply  eliminated,  it  falls  ovt,  and  we  can  oniy  recqgniee  its 


,  Goo^^  Ic 
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presence  bp  Hie  fact  that  it  may  occasionally  appear  as  a  reversionary  form. 
Tbns  the  Triton,  ander  some  circnmstaDces,  einkB  bfick  to  (he  Pereuoi- 
braDcbiate  stage,  bnt  not  in  such  a  way  that  the  incUvidaal  would  first 
become  a  Trittiu  and  then  be  transformed  back  to  a  PcrcDni  branchi- 
ate, bnt,  as  I  have  already  made  prominent  above,  simply  by  no  longer 
reaching  the  stage  of  the  Salamandrida  and  remaining  upon  the  stage 
of  the  Ichtkyodea.  Tbns,  also,  according  to  my  hypothesis,  the  Sala- 
mandrida that  formerly  lived  on  the  shores  of  the  Lake  of  Mexico,  the 
Amblystoma  Mexicanum,  has  sunk  back  to  the  stage  of  the  fishsalamau- 
der,  and  the  only  trace  which  remaios  to  us  of  his  former  height  of  de- 
velopment is  just  the  inclination,  more  or  less  present  in  every  individ- 
aal,  to  reach  nnder  favorable  circnmstances  the  aalamander  stage  again. 

Bnt  the  third  and  last  consequence  which  my  explanation  of  the  facts 
brings  with  it  lies  in  the  altered  part  which  wonld  be  assigned  by  it  to 
reversion  in  organic  nature.  Hitherto  atavistic  forms  have  been  re- 
garded only  as  isolated,  exceptional  cases,  interesting,  to  be  snre,  in  a 
high  degree  for  our  knowledge,  but  without  significance  for  the  coarse 
of  development  of  organic  nature.  Now  a  real  importance  would  have 
to  be  allowed  tbem  in  this  latter  regard. 

I  should  assume  that  reversion  may  in  a  twofold  manner  be  a  con- 
trolling power  for  the  preservation  or  restoration  of  a  form  of  life.  In 
one  case,  as  in  tbe  Axolotl,  where  the  newer  form,  standing  organically 
higher,  becomes  untenable  from  external  causes,  and  now,  as  a  further 
development  in  the  other  direction  does  not  seem  possible,  instead  of 
simply  dying  ont,  a  reversion  of  tbe  species  to  the  older  and  less  highly 
organized  step  follows.  Bat,  second,  in  this  manner,  that  the  older  phy- 
letio/orm  is  not  altogether  given  tip,  while  the  younger  is  developed  from 
it,  hut  that  it  alternates  periodically  with  the  jiounj;er,  as  we  see  in  the 
season-dimorphoas  butterflies.  One  will  hardly  urge  any  objection  to 
it  if  I  regard  the  alternation  of  summer  and  winter  form  in  these  as  a 
periodically  occarring  reversion  to  the  pbyletically  older  form  (the  winter 
form). 

Though  the  total  reversion  of  a  species,  as  I  assume  it  for  the  Axolotl, 
may  be  a  rarely-occnrring  case,  the  periodically  or  cyclically  occMrring 
reversion  surely  is  not;  it  certainly  plays  a  considerable  part  in  the 
origin  of  various  forms  of  the  alternating  or  cyclical  mode  of  reproduc- 
tion. 

POSTSCRIPT. 

It  was  uitimated  in  the  foregoing  discussion  that  the  causes  from 
which  I  derived  the  reversion  of  the  hypothetical  Amblystoma  Mexi- 
canum to  the  Axolotl  of  to-day,  did  not  seem  to  me  to  suffice  completely 
for  the  explanation  of  the  phenomenon.  For  one  thing,  t&ey  appeared 
to  me  of  too  local  a  nature,  as  they  could  only  be  applied  with  certainty 
to  the  Axolotl  from  the  lake  of  the  Mexican  capital,  while  also  tbe  Paris 
Axolotl,  coming  fhim  another  part  of  Mexico,  requires  an  explanation 
that  will  apply  to  him.    Bat,  on  the  other  hand,  they  did  not  seem  to 

Go.wlc 
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me  cogent  enoagh.  For  sliould  we  even  kam  at  a  later  time  that  the 
Paris  Axolotl  also  comes  from  a  salt  lake,  which  is  exposed  to  winds 
Bimllar  to  those  of  the  Lake  of  Mexico,  yet  there  lies  after  all  in  these 
peculiarities  of  the  lakes  only  a  force  which  reTtdera  di^culf  the  meta- 
morphosis of  the  larva  aod  the  gaiDiog  of  a  snitable  new  dwelUog- 
pla<M  on  the  land.  The  imposa&ility  of  attaining  sach  a  dwelling,  or 
indeed  the  total  lack  of  it,  does  not  necessarily  result  firom  them. 

Evidently  it  woold  be  a  ranch  more  suhstantial  sapport  for  my 
kypotbesis  if  I  sncceeded  in  pointing  oat  forces  in  the  physical  relations 
of  the  conntry  ichick  entirety  preclude  the  existence  of  Amblyaloma  there. 
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C. — Hakn. — Additional  Note  b;  Hanii.    Atmoepherio  Pieaiare  auA  Bain. 

[ZaitanhrlA  OetL  iStt  Q«wlL,  z,  pp.  11-13.] 
D. — Hann.— ThelikwRof  theVuta^ion  of  TemperatDre  in  Asoeudiug  Carrente  of  Aii< 

[ZeitsohtUt  Oe*t.  llet.  QfelL,  1874,  Iz,  pp.  39I-3M.] 

E—SOHNCEK— Additional  Note  by  Sohncke. 

[ZdtuhtUt  Oeat  U«t  OeMlL.  I,  pp.  56-Se,] 

F. — Betr. — Additional  Note  by  Heye.    Ou  B^ufoU  and  Baiometrlc  Mioima. 

[Zaltmbrin  Oart.  UeL  0  wlL,  i,  pp.  eS-70.] 

G.— Hamn.— On  the  BelatioD  between  the  Difference  of  PreHnre  and  tlie  Telocity  of 
the  Wind  according  to  the  Theories  of  Feml  and  Coldlng. 

[ZdlaobrUl  Oeat  M«t.  0«wU.,  ISTS,  x,  pp.  Sl-ioe.] 
H.— Fkbbel.— Eaply  to  the  Criticiame  of  Mr.  Baon. 

[ZeitMihrlft  OMt  Met  0«mI1.,  x,  1ST5,  f.  SH.] 

I. — Cou>iKa. — Some  Bemaika  oonoeminK  the  Nature  of  Cnnents  of  Air. 

[Orenlgt  d.  K.  Dauke  Tld.  BcU.,  ISn,  p.  BO.] 
J.— CoiDIMO.— Abstract  of  Colding's  Second  Memoir. 
(Zdtieliritt  Ont  Ust  ObhIL,  I,  p.  HI.) 

E. — PxsuN.—Belation  between  Barometrio  Tariatfona  and  the  General  Atmoapherio 
Coirents. 
[BoUetia  IntenutloDal  de  rObMrratolie  de  Pule,  IBIS,  Vaj  to  Jnly.] 


THE    DIMISUTION    OP    THE   AQUEOUS  VAPOR  OP    THE 
ATMOSPHERE  WITH  INOKEASB  OF  ALTITUDE. 

Bt  Dk.  Jnuns  Hakt. 

{TmuUted  bj  Clnelud  Abbe  fri 

Mr.  Bicbard  Strachey  has  pablished,  in  the  Proceediogs  of  the  Royat 
Society  of  LoDdon,  March,  1861,  a  valoable  work  "Od  the  Distribatioo 
of  Aqaeoos  Vapor  in  the  Upper  Parts  of  the  Atmospbo^."    In  this,  he 
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shows,  from  tlte  obsecvatiopa  of  Sooker  and  bis  own  iu  the  Himalayas, 
as  well  as  from  those  that  Welsh  made  in  four  balloon  ^'oyages,  that  the 
abaolote  hnmidit;  (or  the  vapor-teosioQ)  diminishes  in  a  utoch  more 
rapid  ratio  with  the  altitude  than  would  be  the  case  Id  an  iodepeodent 
atipo^heie  of  vapor  subject  to  its  own  pressure  odI;.  He  then  further 
shows  that  tha  existence  of  an  independent  vapor  atmosphere  is  excluded 
by  the  rata  of  dimiuutioD  of  temperatnre  with  altitude  as  deduced  from 
all  kuowD  observations  considered  togetber  with  the  vapor-teosiou 
observed  at  the  sqrface  of  the  earth.  This  latter  proposition  bad  already 
been  mathematically  demonstrated  by  Bessel  in  1S38.*  Of  course 
Strachey  concludes  further  that  it  is  not  admissible  to  subtract  thft 
vapor-t^n^ion  from  tJie  barometric  pressure  in  order  to  obtain  the  pressure 
of  the  dry  atmo8phere.f  By  means  of  aa  estimate  based  upon  Hook- 
er's and  Welsh's  observations,  Stracbey  finds  that  the  actual  pressure 
of  the  vapor  iu  the  atmosphere  is  to  the  tension  observed  at  the  earth's 
surface  as  1  to  4.  Lamont  arrived  at  the  result  1  to  5,  nearly  agreeing 
therewith,  by  making  Glaisher's  observations  the  base  of  his  compnta- 
tioQ-t 

Stracbey  does  not  attempt  to  deduce  a  formula  for  the  diminution  of 
vapor-pressure  with  altitude  from  the  vapor-tensions  at  different  alti- 
tudes in  tbe  atmosphere,  as  communicated  by  him;  and  Lamont  has,  in 
the  above-cited  memoir,  expressed  his  conviction  of  the  non-existence  of 
any  regular  change  of  vapor-pressure  with  altitude.  This  is,  indeed,  a 
necesaary  conseqaence  of  the  denial  of  Balton'a  vapor  atmosphere; 
according  to  this  view,  tbe  atmosphere  of  vapor  never  arrives  at  that 
coQdition  of  equilibrium  which  is  assamed  for  it  by  Dalton'a  proposition 
of  an  independent  gaseous  atmosphere.  At  the  earth's  surface,  at  higher 
temperatures,  aqueous  vapors  are  developed  of  greater  tensions  than 
wopM  correspond  to  tbe  possible  vapor-tensions  that  obtain  at  the  lower 
temperatures  in  the  higher  strata  qt  tbe  air.  The  slow  difTusion  of 
aqoeous  vapor  in  the  air  alone  prevents  its  rapid  continaed  oondenaa- 
tion  in  the  npper  strata.  By  reason  of  ascending  onrrents  of  air,  as  well 
as  any  other  cooling  of  masses  of  moist  air,  there  occur,  now  here  and 
now  therei  coodeosatlona  of  vapor;  and  under  snch  conditions  the 
exiBtenoe  of  a  state  of  equilibrium  in  tbe  vapor  atmosphere  oaoDot 
be  assumed.  Were  oxygeu  and  nitnogen  continually  produced,  and  at 
lower  temperatures  again  locally  oondeosed  in  the  same  proporUons  as 
is  tbe  aqueous  vapor,  then  a  barometric  measureufcnt  of  altitude  would 
be  out  of  tbe  question.  We  must  then  a  priori  refrain  equally  from  the 
deduction  of  any  law  peo-mitting  ope  to  determine  tbe  vapor-pressure  at 
any  higher  or  lower  altitude  from  tbe  vapor-tensipn  observed  iu  any 

■  Bemuks  on  Bsrometria  Hypaometir,  Aatrop.  KmIi.,  Buid  16,  No.  366. 

tWeeipreatly  Bftj  "  ktmoaphere,"  tinee  it  is  of  ooone  pennluible  forphjnwl  pnr- 
poaea  to  anbtiaot  tlw  vftpgr-tsnaiou  froiq  tbe  baTonietrio  praware  in  order  to  obtoio  the 
w«igbt  o'  tb«  presBRn  ^f  tl)e  dry  air  within  a  definite  spaoe. 

t  aw  tbia  Jouraol,  iii,  291. 
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atmospberic  atratam,  and  ttom  the  deductioD  of  a  Bimilarlaw  for  the 
temperature. 

But  if  we  esamine  tfae  vapor-teosioDS  for  differeot  altitndes  as  given 
by  Strache;,  we  are  surprised  at  the  agreement  on  the  one  hand  be- 
tween the  results  of  the  observations  that  Welsh  made  during  his  bal- 
loon voyages  and  those  that  Hooker  and  Stracbey  made  in  the  Hima- 
layas, and  on  the  other  hand  at  the  agreement  of  the  latter  among  them- 
selves, especially  at  the  greater  altitudes.  This  unexpected  &ct  induced 
me,  following  Strochey's  steps,  to  compute  the  observations  of  Gloiah- 
er's  balloon  voyages;  and  since  the  figures  thus  obtained  agreed  very 
satisfactorily  with  those  of  Strachey,  I  collected  also  the  material  known 
to  me  relative  to  observations  of  humidity  at  fixed  stations  at  greater 
mountain  altitudes.  Thus  the  following  table  bos  resulted.  Like 
Stracbey,  I  have  expressed  the  vapor-tension  at  a  given  altitude  in  a 
fraction  of  that  simultaneously  observed  at  or  near  the  eartli's  surface. 

Since  the  altitndes  for  which  observations  are  at  hand  seldom  agree 
with  the  intervals  of  the  table,  therefore  the  required  quantities  for  the 
nearest  tabular  interval  were  computed,  by  a  formula,  hereafter  given, 
fh>m  the  observed  values. 

Diminutijn  of  Tiipor-foiiioil  viffc  AWAaia, 
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The  followicg  are  the  observations  on  which  are  based  each  iodividnal 
series  of  the  above  table. 

Eimataya. — (a)  Observations  by  Hooker :  (&}  by  Strachey,  extracted 
irom  the  above-cited  memoir}  (c)  annual  means  of  observation  at  Mafaa- 
baleshwaraud  Bombay;  atBaijeelingandGoalpora;  at  Dodabetta  and 
Madras. 

Armenia. — Observations  by  Moritz  danng  bis  ascent  of  the  Greater 
Ararat  in  August,  1850,  published  in  Knpffer's  Oorrespondanee  M6Uoro- 
loffique,  annie  1858.    Moritz  took  hourly  observations  of  nearly  all  the 
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meteorological  elements  for  four  days  at  tbe  altitude  of  2,31G  meters 
(Sardar-BoDlagh),  for  tea  days  at  3,316  meters,  and  throDgb  nearly  five 
days  on  the  summit  of  the  Greater  Ararat,  6,125  meters.  Daring  the 
entire  time,  observations  vere  regularly  maintained  at  Erivan,  Alezan- 
dropol,  Tiflis,  Redoute  Kal^,  and  Lenkoran.  From  these  observation?, 
1  have  deduced  the  corresponding  averages. 

Tewcri^e.— Observations  by  Piazzi  Smytb  at  Villn  Orotava  {374  me- 
ters), GuHJara  (2,715  meters),  and  Alta  Vista  (3,264  meters),  in  July, 
Aa^nst,  and  September,  1856,  and  simultaneonsly  at  Santa  Ornz. 

fAeA/jM.— Observations  at  the  Tbe^jdul  Pass,  August,  1805 and  1866, 
iu  connection  with  tbe  Swiss  system  of  observations ;  also  the  obser- 
vations of  Eamtz  on  the  Bigi  and  tbe  Fanlhom,  referred  to  Zilricb. 
[Kamtz  particnlarly  remarks,  in  his  Vorleaungen,  that  in  the  dry  year 
1832  the  ratio  of  the  vapor-tensions  at  Faalborn  and  Zilrieh  was  0.43, 
almost  exactly  the  same  as  the  ratio  0.46  for  the  damp,  cold  year  1833.) 
Balloon  Voyages. — (a)  Observations  by  Welsh,  computed  and  commn* 
Dicated  by  Stracbey;  {b)  observations  by  Olalsber  daring  five  trips  in 
summer  time;  (c)  three  voyages  in  late  summer  and  fall  of  1863;  [d) 
tliree  voyages  in  the  winters  1864  and  1865.  On  the  ascension  of  1864, 
January  12,  the  temperature  and  humidity  at  first  increased  with  the 
elevation,  and  at  a  higher  altitude  first  began  to  regularly  dimiaisb. 

After  a  consideration  of  tbe  figures  in  tbe  above  table,  one  must  con- 
fess that  the  attempt  to  represent  these  by  any  formula  is  quite  aa  rea- 
sonable as  the  establishment  of  any  ratio  for  the  diminution  of  temper- 
ature witb  altitude.  The  agreement  between  observations  on  moantaioB 
and  in  tbe  free  atmosphere  in  balloons  is  much  better  for  tbe  bnmidity 
than  for  the  temperature.  Only  the  Himalaya  observations  show  for 
small  altitades  a  materially  greater  quantity  of  vapor  on  the  mountains 
than  in  the  free  atmosphere ;  at  great  altitudes,  there  is  scarcely  any 
difference.  Had  the  vapor  atmosphere  of  tbe  earth  attained  to  a  con- 
diUon  of  eqnilibrinm,  and  subject  to  its  own  pressure  only,  we  could  in 
a  simple  manner  compute  tbe  pressure  corresponding  to  a  given  attitude, 
«nce  for  every  such  gaseous  atmosphere  tbe  equation 


must  obtain.  Here  p  ODdp,  represent  tbe  pressures  at  tbe  altitude  h 
and  at  the  eartVa  surface,  measured  by  tbe  beigbtof  tbe  mercurial  column 
supported  by  these  pressures  j  sisthe  baseof  tbenatorallogarithms;  0 
is  a  constant,  and  equal  to  tbe  product  of  0.760  into  the  ratio  between 
tbe  density  of  mercnry  and  that  of  tbe  gas  under  a  normal  pressure  of 
0.76  meter  at  a  temperature  of  O^^  0.  and  witb  the  intensity  of  gravity  as 
at  tbe  sea-level  at  45°  latitade.  This  constant  correspoDds  to  the  alti- 
tude of  a  column  of  gas  of  uniform  density  and  at  tbe  uniform  temper- 
ature of  O'^  C,  which  exerts  the  same  pressure  as  a  meFcnrial  column  of 
0.76  altitude.  For  another  temperature  of  the  gaseous  columo,  and  for 
another  value  of  the  force  of  gravity,  and  one  diminishing  witb  the 
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altitude,  the  above  altitade  mqst  be  diffeceot ;  f(t)  ttoA  f(ff)  indicate  the 
ctKrectioosl  factors.  For  dry  ajr,  free  from  cscbooic  aoid  gas,  C  is  7,992 
metera,  and  sinee  the  deout;  of  aqqeoos  raj^r  maj  be  aaaamed  con- 
stant at  0.623  for  ordiaar;  atuospberic  tempecatores,  tJierefoie  for  an 
atmosphere  of  aqoeoos  vapor  0  =  12,820  meters.  We  therefore  bave 
the  following  formula  for  the  computation  of  the  preeaare  at  any  alti- 
tade  within  an  atmosphere  of  aqoeoua  vapor,  ojid  omittiog  the  small 
corrections, 

Bat  log  p  =  nat  log  p^  -  ^^ ; 

or,  mnltiplying  by  the  modulas  of  the  Briggs  logarithms, 

l0gl,  =  l0Bli.-^. 

Tbis  formala  can  be  aaed  at  once  to  compare  the  observed  diminntion 
of  vapor-tension  with  that  which  must  obtain  in  an  independent  atmos- 
phere of  aqneoDS  vapor.  Up  to  an  altitade  of  20,000  English  feet,  or 
6,090  meters,  tbe  correction  ip{g)  can  be  neglected,  and  the  iotrodaction 
of  fit)  =  1+at  would  have  the  effect  of  still  further  delaying  tbe  dimi- 
nution of  tension  np  to  about  12,000  feet. 

Thtoretical  and  Ob»erved  Diminiitiont  of  Vapor-ten^n. 
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Whence  the  vapor-tension  actually  does  diminish  with  the  altitade 
mach  more  rapidly  tbau  would  be  tbe  case  if  an  ludependent  gaseous 
atmosphere  existed. 

As  before  remarked,  Bessel  had  already,  through  a  ronndabont  and 
involved  compatation,  proven  that  the  slow  dtmination  of  vapor-tension 
with  the  altitude,  as  is  regoircd  in  Dalton's  vapor  atmosphere,  can- 
not possibly  be  reconciled  with  the  known  dimioutioD  of  temperature, 
for  aqueous  vapor  has  a  definite  maximum  of  elastic  force  for  each  tern* 
perature.  Oar  above-written  formula  must  therefore  also  satisfy  the 
conditions 


The  last  member  Qn  tbfi  right  is  tbe  formala  given  by  Magnna  for  the 
maximom  tension  of  aqucons  vapor  for  a  given  temperatn^  U  Qence 
follf)«a 
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For  ao  average  temperature  dimination  of  fy>.S  G.  for  each  100  meters, 

the  meaD  annaal  temperatare  will  be  —  6°  C.  at  an  altitade  of  3,000 

meters  above  Vienna  (— 6°.6  is  observed  at  the  Theodal  Pa«8,  altifade 

3,330  meters).    If  we  sattstitate  these  valaes  for  h  and  t^,  we  find 

\ospo  =  or  <  0.48342  aoApa  =  or  <  3.9  millimeters. 

Tiierefore,  even  were  the  air,  at  3,200  meters  altitude,  saturated  with 
vapor,  the  vapor-tension  in  VieoDa  would,  at  the  highest,  be  only 
3.9*°";  in  fact,  however,  it  ia  observed  to  be  6.9"°.  In  order  to  make 
this  tension  possible,  the  temperature  at  3,000  meters  altitude  must  be 
+  2^.4  C,  and  therefore  the  rate  of  decrease  of  temperatare  would 
amouDt  to  only  0°.25G.  for  each  100  meters. 

If  now  we  seek  to  represent  the  observed  diminntion  of  vapor-tension 
by  means  of  an  empirical  formala,  we  can  either  choose  a  simple  expres- 
sion of  the  form 

or  examine  whether  the  observed  values  proceed  in  a  geometrical  pro- 
gression, in  which  case  the  value  of  0  is  to  be  determined,  which  mast 
be  mach  smaller  than  the  above  given  theoretical  valoe. 

I  first  dednced,  according  to  the  method  of  least  squares,  fVom  the 
mean  of  the  series  Himalaya  (a)  and  {b)  and  Balloon  Yoyagee  (a)  and  (b), 
the  formula 

j>  =  j>o  (I  —  0.078A  +  0.001C4  Jl'}, 
where  h  is  given  in  nuits  of  1,000  English  feet  each.    If  we  use  also  the 
observation  of  Glaisher  that  for  h  =  28,000  feet  p  is  nearly  equal  to 
zero,  we  And 

p  =pf  (1  -  0.070  h  +  0.00146&*),  h  in  units  of  1,000  Eoglisli  feet; 
or 

p  =pt  (1  —  0.240  h  +  O.OloGSA'),  h  in  anits  of  1,000  meters. 
These  formuliB  of  interpolation  r^reseut,  with  almost  perfect  accu- 
racy, the  observations  on  which  they  are  based,  bat  are  inapplicable  to 
altitadOB  above  7,800  meters,  since  tm  higher  atdtades  they  give  Increas- 
ing raloes  of  p  (for  k  =  20,000  f^t,  the  second  formula  gives  p  =  0.04). 
Bat  this  does  not  prevent  tbelr  application  to  all  cases  that  actaally 
occur- 
In  order  to  express  the  definitive  mean  values  of  our  table,  the  qoan- 

titles  ■?,  by  a  geometrical  progression,  I  have  pursued  the  following 

method :  The  general  formnla  is,  for  onr  case,  converted  into 

logr^l=-*;  whenceC=_, * . 

^IpoJ         0'  ]og(j>:i>.) 

I  now  computed  the  values  of  C  for  14  of  tbe  intervals  of  the  table 

(excluding  the  last  [22],  becanse  for  tbis  the  E.  depends  apon  too  Cew 


,1  zed  by  Google 


582  8H0BT  UEM0IB6   OH  METEOBOLOOICAL  SUBJECTS. 

observations);  for  tbe  first  intervals,  from  1  to  8,000  feet,  I  aoited  each 
three  into  ooe  mean  value,  and  thus  ohtaiiied  the  following: 


AB-Ji 

0  In^Engll^ 

Altltaileain 
EoglUb  f«l. 

O^^^B.^. 

fOM 

91,  N3 

SI,  515 
SI.SM 

u.aw 

18,000 

ao,i)oo 

41,103 

«t.eu 

32,576 

The  reductioD  of  the  observed  values  of  tbe  vapor-tension  to  tbe 
Dearest  intervals  occnrriug  in  tbe  table  was  made  by  means  of  interpo- 
lation  after  tbe  values  of  C  had  been  compnted  from  every  observatioii. 
These  n  ambers  show  an  increase  of  tbe  value  of  C  with  tbe  altitnde. 
The  method  of  least  squares  now  gives  ns  the  expression 

C  =  20351  +  0.11334  h  in  English  feet, 
or 

C=    C172  + 0.11334  A  in  meters, 
where  A  is  to  be  expressed  in  nnits  of  either  English  feet  or  meters 
respectively.    The  mean  valne  of  0  as  csomputed  by  this  formula  is 
6,517  meters.    Since  small  changes  in  G  have  bnt  slight  influence  upon 

thevalueof-^,  we  can  also  try  the  effect  of  considering  Cas  a  constant 

J"* 
eqnal  to  6,517  meters. 

Tbe  following  table  shows  that  iu  fact  this  is  perfectly  allowable : 
Altitndea(inthoiuaDdeof£ogliahfeet)...      1       4       8       12     16     30      24      S? 

Obserredii 0.B7    .64    .42    .27    .18    .13      —     — 

CompatedpCCincteaaiDg) 0.88    .64    .42    .28    .19    .13     .09    .06 

CompntedpCCoonstftDt) 0.9O   .65    .42    .27    .18    .12     .08    .05 

Whence  it  appears  that  the  observed  values  of  napor-tension  at  different 
attitudes  are  represented  with  almost  perfect  accuracy  iy  the  formula 
-k  -h^ 

p=Pol^<^"  =  Pi,e^^. 

We  must  for  the  present  leave  undecided  the  qnestioQ  whether  the 
constant  6517  varies  with  the  temperature,  as  may  be  suspected  from 
the  slower  diminution  of  tbe  vapor-teusion  among  the  Himalayas,  since 
tbe  observations  are  too  few  to  determine  snch  a  coefficient  with  any 
security. 

From  the  expression  just  deduced  empirically  for  the  diminutiou  of 
vapor-tension  with  altitude,  as  compared  with  the  formula  previously 
given,  which  would  obtaiu  for  an  independent  atmosphere  of  aqueous 
vapor,  we  conclude  that  the  ratio  of  the  weight  of  the  aqueous  vapor 
actually  present  iu  the  atmospbero,  as  compared  with  tbe  weight  result- 
ing from  the  Dalton  hypothesis,  is  as  the  ratio  of  the  values  of  C  iu  both 
formulae,  or  as  2830  to  12829,  or  as  0.22  to  1.  Whence,  the  weight  of  the 
vapor  presentinthewholeatmospbere  above  tkeplaee  of  obserBation,aocorditig 
to  Dalton'a  hypothesis,  is  4.5  times  greater  than  it  is  in  reality. 
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One  can  persuade  himself  of  tbe  correctness  of  this  conclasion  by  the 
following  compntation.  The  weight  (in  kilograms)  of  the  aqueous  vapor 
having  a  tension  p  (in  millimeters)  in  one  cubic  meter  is  fonnd  by  tbe 
well-known  formula 

„,„„     So        p        0.001058 

where  So  is  the  specific  gravity  of  air  at  temperature  0°  C.  Hence  the 
weight  of  aqneoQS  vapor  contained  in  a  stratum  of  air  of  differential 
thickness  dh  and  horizontal  area  anity  is 

,       0.0010582      ,„^,. 

The  integration  of  this  equation  gives  a  formula  for  the  total  weight 
of  the  aqneons  vapor  contained  in  tbe  atmosphere  up  to  any  definite 
height.  Tbe  temperature  t  is,  strictly  speaking,  also  dependent  on  tbe 
altitude;  bnt  we  will,  Id  accordance  with  all  experience,  pot 


-=''. 


and  thus  find 


3  /  if,N 

-j)„01oge(^l-10'""j. 


For  large  values  of  h,  therefore,  by  extending  the  integral  to  tbe 
limits  of  tbe  atmosphere,  the  negative  member  of  this  expression  dis- 
appears, and  it  is  now  qnite  clear  that  the  aetital  weight  of  the  aqueous 
vapor  in  the  atmosphere  is  to  that  resulting  from  Dalton'a  hypothesis 
as  2830  to  12829,  or  as  0.22  to  1. 

For  example,  the  mean  vapor-tension  at  Vienna  in  Joly  is  11  milli- 
meters, the  temperature  20°.3  C;  at  tbe  altitude  of  8,000  meters,  the 
probable  temperature  is  about  — 19^.7  C;  the  mean  temperature  of  the 
whole  atmosphere  of  aqueous  vapor  is  therefore  nearly  0°  0.  Tbe 
formula  gives  the  total  weight  of  aqneons  vapor  =  33  kilograms,  corre- 
sponding to  a  pressure  of  xa^  =  0.0032  atmosphere,  oc  a  mercurial 
column  of  2.1  millimeters.  If,  therefore,  the  aqueous  vapor  contained 
in  July  in  tbe  atmosphere  above  Vienna  could  expand  according  to 
Dalton's  law,  tbe  vapor-tension  at  tbe  earth's  surface  would  sink  firom 
11  millimeters  to  2.4  millimeters. 

[S^OTB. — ^Ihe  following  equation  resulting  by  integration  from  our 
previously  giveu  formula  of  interpolation : 

Q  =  ,^~^)  ft  J)*  (1  -  0.123  A  +  0.00523  /**), 

where  the  unit  of  A  is  a  thousand  meters,  gives  Q  =  32.6  kilograms,  or 
2.3  millimeters  on  the  mercurial  barometer,  for  ft  =  8,000  meters.] 
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Tbe  formata  for  Q  furtber  teaches  na  that  ono-half  of  the  whole  quan- 
tity of  aqaeons  vapor  is  contained  in  the  strata  ot  air  below  the  altitade 
of  l,{Ki2  meters,  or  6,043  Paris  feet,  and  that  only  one-tenth  of  the  whole 
aqueous  vapor  io  tbe  atmosphere  is  above  tbe  altitude  of  6,500  meters, 
or  20,000  Paris  feet.  Strachey  la  therefore  right  in  saying  that  tbe 
mountaiu-ranges,  however  slight  their  altitudes  are  in  respect  to  tbe 
dimensions  of  tbe  whole  globe,  yet  must  be  of  great  iofinence  in  refer- 
eoce  to  the  aqueous  meteors.  A  mountain -chain  of  only  6,000  feet  alti- 
tude forms  a  dividiug  barrier  for  one-balf  of  the  vapor  in  the  atmos- 
Itltere ;  the  Himalayas,  with  an  altitude  of  about  15,000  feet,  or  4,600 
meters,  cnts  off  eigbt^teutbs. 

Id  conclusion,  1  would  expressly  remark  that  tbe  formula  deduced  for 
the  dimination  of  vapor-teosion  with  altitude  can  only  be  applied  with 
security  to  tbe  computation  of  mean  ratios.  It  can  also  be  practically 
applied  in  barometric  bypsometry,  since  all  the  more  recent  hypsometric 
tables  take  into  consideration  the  aqueous  vapor  of  the  air,  bat  ftt' 
qnently  tlie  vapor-tension  is  known  for  only  one  of  the  two  stations 
whose  relative  altitude  is  to  be  determined.  The  following  example 
shows  that  for  this  purpose  the  accuracy  of  tbe  formula  ia  quite  sufBcient. 
Banerufeiiid  observed  the  psychrometer  twenty-one  times  daily  daring 
five  days  at  five  stations  on  the  Greater  Miesing,  whose  relative  alti- 
tudes were  determined  by  direct  leveling.  (See  Beob.  und  Unters.  vbtr 
die  Oenauigkeit  barotnelriadter  Sohenmessungen,  Miinchen,  1862,  p.  133.) 
The  following  small  table  contains  tbe  means  of  these  observations,  and 
beneath  them  are  giveo  tbe  values  computed  by  our  formula  for  tbe 
other  stations  from  tbe  olMervaltioDS  at  station  I : 

Stations I.       II.      III.     IV.       V. 

Altitude  m  meters 816    1086    1356    1G19    1884 

j>  observed,  Paris  lioes..  5.16     4.30     4.02     3.79     3.54 
pcompotedfrom  1 —     4.C9     4.26     3.88     3Jii 

We  Shall  be  perfectly  satisfied  with  the  agreement  between  observa- 
tion and  computation  if  we  reSect  that  Baurofeiod's  observati<>n8  were 
not  used  in  the  deduction  of  our  formula,  because  they  appeanM  to  tia 
to  relffte  to  far  too  slight  an  altitude. 

[Noi%. — fhe  mean  vapor-tension  in  Kldgenfart  is  7.1  mtllfmeters. 
Hence,  for  tbe  station  Hocb-Obir,  lying  1,603  meters  higher,  is  liompticed  a 
mean  vapor-tedSiOD  of  4.03  mirtimet^rs.  Prettner  {Ktima  von  EUmtkeH, 
p.  163)  gives  for  Hoch-Oblr  a  relative  humidity  of  82  per  cent,  and  a 
mean  temperature  of  0<^,85  C,  according  to  p^chrodieter  observatiooB, 
for  one  year,  1852.  To  these  figures  there  corresponds  a  vapor-teuEdcn 
of  4.02  millimeters ;  therefore,  exactly  equal  to  tbe  computed  value.] 

yotwithstauding  the  agreement  between  observation  and  computation 
iu  these  and  other  cases,  no  deeper  theoretical  meaning  should  be  attrib- 
ated  to  our  formula.  It  is  perhaps  only  a  more  exact  expression  for  the 
oitinion  expressed  by  Strachey,  that  tbe  average  degree  of  saturation  of 
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the  air  remaiDs  quite  nDiform  in  differeot  altitades.  Iberefore,  the 
rapor-tenaioD  depends  onl;  on  ttie  diminatioD  of  temperatnre.  If  this 
latter  proceeds  in  an  aiithmetical  progreBSioD,  there  follows,  of  course, 
for  the  diminatioD  of  vapor-tension  a  geometric  progresaioQ.  OdI;  the 
deraoDStration  may  be  new,  that  we  can  also,  with  so  great  accnracy, 
IVom  obserrations  at  one  altitade,  compote  also  the  mean  vapor-tension 
at  another  altitude. 


B. 

ON  THE  INFLUBNC?  OP  KAIN  UPON  THE  BABOMETEB, 
AND  0PON  THE  FOBMATION  OF  PEECIPITATION  IN 
CtENEBAL. 

By  Dr.  J.  Hann. 

[TTBDiUtad  by  Clercluid  &hli«fMm  tbe  Joanulof  tbs  Aiwtrlui  UeteoTDloglctl  Aitoclatloii,  181 1.  pp. 

A  more  accurate  knowledge  of  tbe  iuflaence  which  the  condenaation 
of  the  aqueous  vapor  iu  the  atmosphere  exerts  npoa  tbe  disturbances 
of  its  eqoilibriam  and  upon  the  (Ganges  of  atmospheric  pressure  is  at 
present  of  special  importance,  since,  in  the  theory  of  storms,  we  have 
to  a  certain  degree  retanied  to  tbe  views  of  Espy.*  lliis  nay  be  onr 
excuse  that  we  once  more  retara  to  this  subject  after  having,  in  a  pre- 
vioas  volame  of  onr  periodical,*  given  place  to  a  discossion  upon  this 
subject.  At  tliat  time  I  had  to  refer  to  the  contradiction  that  appeared 
to  exist  between  the  theory  and  the  compatatious  of  Espy,  Erooig,  and 
Reye  and  tbe  observed  facts.  According  to  Espy  and  Beye,  the  con- 
densation of  vapor  into  cloud  and  rain  produces  a  considerable  fall  in 
pressure  noder  the  place  where  the  rain  falls.  But  every  careful  ob. 
server  knows,  on  the  other  hand,  that  the  tendency  of  rainfall  appears  to 
be  rather  to  increase  tbe  pressure.  Tbe  barometer  rises  during  the  rain, 
and  after  the  rain  stands  higher  than  be&re.  If  the  rain  bad  the  effect 
computed  by  Beye,  to  diminiah  the  pcessnre,  or  even  a  mnch  less  effect, 
then  woold  the  reverse  take  place.  It,  Indeed,  rains  generally  during 
low  pteBsaree;  bat  the  lowest  barometer  precedes  tbe  r^;— if  it  were 
a  Gonseqaence  of  tbe  rain,  it  would  ocenr  daring  or  after  tbe  rainfUI. 
Beye  has  had  tbe  kindness  to  go  into  the  discussion  of  this  point,  and 
tbestiiy  has  in  great  part  removed  the  apparent  contradiction  between 
compntation  and  observatioD.*  He  allows  that.  In  the  case  where  the 
pref^tation  is  produced  by  tbe  Inflow  of  colder  air  or  by  radiation  or 
condootion  of  beat,  and  vhexe  the  latent  heat  of  condensation  Is  thus 
neatralized)  tbe  pressure  can  rise  during  the  rain ;  that  equally,  in  the 
case  where  new  masses  of  air  steadily  flow  toward  the  place  of  precipi- 
tation (the  rainfalls  of  a  moist  current  of  air  blowing  over  a  mountain), 
tbe  formation  of  a  barometric  minimum  will  be  hindered.  Bat  if  we 
now  consider  tbe  remaining  causes  of  the  formation  of  precipitation,  we 
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find  all  are  indaded  in  tbe  precediog  except  the  ooe  case  of  a  correDt 
freely  rising  in  a  gniet  atmosphere,  and  whicb,  cooling  by  expansioo, 
precipitates  its  aqneoos  vapor.  To  this  class  especially  belong  many 
of  onr  snmmer  rains,  bat  especially  the  tropical  rt^ns. 

Bat  erea  oar  sommer  rains  also  behave,  vlth  respect  to  atmospheric 
pressore,  precisely  as  we  have  above  described ;  and  with  respect  to 
tbe  tropical  rains,  we  road  in  general  that  they  exert  scarcely  any  inflo- 
ence  npon  the  barometer,  not  even  distnrbing  the  regnlar  dinmat  oscil- 
lation. Bat  apon  this  point  only  a  compatatioo  of  the  observatiotu 
which  are  the  namerical  presentation  of  the  infloeoce  of  rain  npon  tbe 
barometer  can  decide.  Observations  in  odt  climate  are  not  convenient 
to  sach  a  computation,  since  we  cannot  properly  eliminate  the  precipi- 
tatiOD  doe  to  the  inflow  of  cold  corienta.  Hence,  I  have  chosen  Batavia, 
a  place  in  the  tropics  near  the  equator,  for  which  I  have  before  me  the 
three  years  of  honrly  obaervatioos  of  pressore  and  of  rainfall  published 
by  Bergsma.* 

Before  I  proceed  to  communicate  the  resnlts  of  my  compatations,  I 
must  state  that  I  cannot  participate  in  the  view  expressed  by  Beye 
(vol.  8,  p.  ISO),  who  there  says:  "It  can,  indeed,  occat  that  nxwn 
mountain-tops,  where  the  vapor  condenses  to  clouds,  the  pressure  may 
also  diminish;  but,  for  all  that,  the  barometer  seed  not  fall  at  the 
place,  80  miles  away,  where  the  clouds  discharge  their  rain."  The 
clouds  are  not  to  be  considered  as  magazinca,  in  which  tbe  previously 
formed  rain  is  carried  along  to  be  discharged  anywhere.  There  where 
it  rains  is  the  location  of  an  increased  precipitation,  and  the  pressure 
must  ^nb  deeper  there  than  where  clouds  only  form  without  developing 
into  rain. 

The  honrly  observations  at  Batavia  show  at  once,  even  by  a  cursory 
review,  that  in  fact,  as  was  expected,  even  the  heaviest  ndns  scarcely 
didturbed  the  diamal  change  in  pressure,  and  this  stands  forth  with 
greatest  clearness  In  the  averages.  I  took  for  computing  tbe  corre- 
sponding pressures  only  tbe  rainfalls  which  gave  at  least  10  millimeters 
in  an  hour.  The  pressures  for  one  and  two  hoars  preceding  and  follow- 
ing the  rainfall  (often  of  many  hours'  duration),  as  well  as  the  pressures 
during  tbe  first,  second,  and  third  hours  of  i^n,  were  extracted,  were 
separately  reduced  to  the  daily  means  by  means  of  tbe  mean  dional 
variation,  and  then  united  in  a  general  average.  I  thus  obtained  the 
following  numbers,  to  which  I  have  also  added  the  mean  rainfall  for 
each  hour,  so  that  one  can  perceive  how  intense  these  rains  are.  For 
comparison,  I  add  that  la  Vienna,  on  tbe  average,  an  entire  rainy  day 
ia  summer  affords  6.0  millimeters  of  water,  but  in  winter  2.7.  The 
mean  of  six  of  the  heaviest;  rains  daring  one  hour  fhim  1853  to  1671  is 
20.S  millimeters. 
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Here  also,  daring  tbe  ntinfall,  the  pressare  rises,  and  after  the  rain 
stands  higher  than  before.  If  ve  start  with  the  pressure  before  the 
beginniDg  of  tbe  raio,  and  compnte  the  honrly  changes,  we  obtain  tbe 
following  Tariations  of  pressure ; 
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Tbe  pressure  rises  at  the  beginning  and  daring  the  first  bonrs  of  the 
rainfall  by  abont  0.35 ;  it  foils  within  the  two  honrs  following  tbe  rain 
by  0.X0,  and  therefore  after  the  rain  it  always  stands  0.26  higher  than 
before.  The  cttanges  at  night-tome  are  somewliat  smaller  than  daring 
the  day-time.  I  have  also  combined  in  one  average  thirteen  cases  of 
the  heaviest  rains  (over  20  millimeters  an  boor) ;  they  give  the  following 
changes: 
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The  barometer  stands  0.22  higher  after  the  rtdn  tbaa  before  it 
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If  ve  compare  the  mean  pressnre  before,  daring,  and  after  tbe  rail 
with  the  antiaal  mean  pressure,  we  obtain  the  deviationB : 


Etobra. 

OnrlDg. 

AflOT. 

-0.05 

+  a^ 

+  0.S0 

Since  the  mean  daily  range  of  the  baropaeter  in  Batavia  amoaats  t« 
2.7  milUmetera,  it  follows  that  the  influence  of  the  raio  is  iDsigaiftcant 
in  comparison  therewith,  and  we  hare  a  plain  confirmation  of  the  state- 
ment tlfat  in  the  tropics  the  rain  does  not  disturb  the  diurnal  osdlUtion 
of  the  barometer. 

I  make  the  following  extract  from  a  letter  of  Blanford,  to  whom  I 
communicated  tbe  result  of  my  computatioo  of  the  Batavia  observations 
with  the  inquiry  as  to  whether  he  could  perhaps  refer  to  opposing  obaer- 
vations  in  India;  "  The  result  you  have  obtained  from  the  Batavia  obser- 
vations,  viz,  that  the  barometer  is  lower  before  rain  than  during  or  after 
it,  is  completely  in  accordance  with  my  own  observations  at  Calcutta." 

I  consider  the  slight  increase  of  pressure  here  demonstrated  during 
and  after  tbe  rain  not  as  a  primary  effect  of  condensation  of  vapor, 
which  therefore  would  be  operating  in  a  contrary  direction  to  that  as- 
sumed by  Espy  and  Beye,  but  only  as  a  secondary  effect  due  to  the 
cooling  of  the  lower  strata  by  the  rain-drops  descending  from  higlier, 
colder  strata  and  by  evaporation.  Perhaps,  also,  the  impact  of  the  foil- 
ing water  and  the  air  dragged  down  with  it  contributes  somewhat  t* 
tbe  initial  rapid  rise  of  pressure,  but  a  reasou  to  be  given  later  can  sIm 
cause  the  barometer  to  rise  somewhat  before  the  rain. 

We  believe  ourselves  now  to  be  Justified  in  the  oonolusion  that  the  cod- 
densation  of  aqneona  vapor  in  the  atmosphere  has  no  appreciable  iofla- 
ence  on  the  change  of  atmospheric  pressure.  Tbe  low  barometers  of  thi 
stonn  centers  can  therefore  not  be  ezplaiued.  by  the  preoipitaticos, 
although  these  latter  may  probably  be  an  oceasion  for  their  develop- 
ment, to  which  point  we  will  subsequwitly  return. 

We  will  next  consider  the  solution  of  the  oontradiotion  tliat  exists 
between  the  theory  which  assumes  a  considerable  &U  of  pressure  under 
a  precipitation  and  the  above-given  results  of  obeervsdjou,  which  re- 
veal nothing  of  the  hind. 

The  computation  of  Reye  on  the  magnitude  of  the  influenoe  on  th« 
pressure  of  the  condensation  of  a  given  quantity  of  atmospheric  aqueous 
vapor  is  based  upon  the  following  train  of  thought:  If  the  vapor  in  a 
mass  of  moist  air  is  condensed,  the  expansive  force  of  the  air,  and  there- 
with its  Tolume,  is  at  first  diminished,  but  the  tUr  is  at  once  so  strongly 
warmed,  and  thus  again  expanded,  by  the  liberated  latent  heat  of  th* 
condensed  vapor,  that  the  original  eontraotton  is  many  times  ezeeeded. 
Beye  computes  that  the  expansion  at  3(P  0.  is  somewhat  more  than  fire 
times  tbe  initial  contraction ;  at  — 10°  C.  it  is  somewhat  more  than  six 
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times  as  great.  Imagine  a  vertical  colomn  of  one  sqiiare  meter  section 
isolated  from  tlie  atmosphere,  and  aasome  tfaat  a  kilogram  of  water 
falls  thereto  as  rain,  so  tbat  the  rainfall  la  1  millimeter.  The  air  tbere- 
npon  expaods  coosiderably,  and  at  a  temperatare  of  10°  O.  at  the  place 
of  condeoBAtion  7.3  kilograms  of  air,  on  accoant  of  this  expansion,  either 
are  pressed  to  one  side  or  are  pressed  upward,  where  they  can  flow  to 
one  side.  The  weight  of  tlio  colnmn  of  air,  whioh  on  the  average 
amonnts  to  10,336  kilograms,  or  one  atmosphere,  has  therefore 
4imiDished  by  S.3  kilogriims,  inclading  the  condensed  aqoeous  vapor. 
The  average  barometric  preBsure  mnat  therefore  hftve  dltainlshed  by 
8.3  4- 10336  X  760  =  0.01'-" :  therefore  }  of  the  depth  of  rainfall.  This 
makes  tbe  fall  in  the  barometer  abont  7  lines,  or  nearly  16  millimeters, 
for  an  inch  of  rain.  Uf  coarse  this  compatatioD  gives  only  the  mazi- 
mnm  change  in  tbe  barometer,  which  in  reality  is  by  far  not  attained, 
for  tbe  ontpressed  air  cannot  immediately  flow  away,  andj  moreover,  is 
at  tbe  earth's  surface  in  great  part  replaced  by  colder  aSx  flowing  fivm 
either  side  ("Die  Wrrbelatyrme,'*  page  215,  and  Pogg.  Ann.,  1866,  vol. 
cxsT).  Eronf  g  has  in  a  similar  way  endeavored  to  prove,  in  opporitton 
to  Hohr,  that  tbe  expansion  overbalances  tbe  contraction  (Pogg.  Ann., 
1364,  cxxin). 

By  both  physicists  the  computation  is  condocted  onder  conditfons 
tfaat  do  not  occur  in  nature.  Vapor  condenses,  not  spontaneoosly,  but 
only  when  the  air  is  cooled ;  and  this  cooling  mnst  be  greater  than  the 
liberated  latent  beat,  or  else  it  certainly  cannot  canse  any  preeipitatlon. 
There  remains,  therefore,  no  sarplns  beat  tbat  can  expand  the  afr  to 
more  than  its  prcvioas  volume.  Tbe  latent  heat  of  the  vapor  has  simply 
tbe  effect  of  diminisbing  the  cooling;  that  is  to  say,  it  reiplaces  a  por- 
tion of  the  beat  that  is  lost.  But  a  cooling  mast  take  place,  and  there- 
fore, if  we,  in  the  above-imagined  colnmn  of  air,  would  bring  a  kilo- 
gram of  vapor  to  condensation,  we  mnat  take  away  the  whole  of  ita 
latent  heat,  and  also  deprive  the  air  of  so  much  heat  as  corresponds  to 
the  contemplated  rednctton  of  the  vapor-tension.  Tbe  mass  of  air  will, 
therefore  contract ;  conseriDeotly  new  air  will  flow  in  from  above  or  from 
the  sides,  and  the  barometer  at  the  base  of  tbe  column  of  afr  mnst  rim. 
This  is  tbe  process  which  takes  place  in  nature  daring  the  precipitations 
that  occar  by  reason  of  the  inflow  of  a  colder  current  of  air,  or  by  reason 
of  cooling  in  consegnence  of  radiation  and  condactlon. 

In  the  precipitations  of  ascending  currents,  beat  is  consamed  in  the 
expansion  of  the  air,  and  any  accompanying  condensation  of  vapor  and 
liberation  of  latent  beat  baa  tbe  effect  of  diminishing  the  cooling  of  the 
air. 

When  we  overlook  this  circumstance,  we  come,  as  Wettstein  did,  to 
the  qnestion,  Whence  comes  the  heat  rendered  latent  by  tbe  condensa- 
tion of  vapor  t  and  to  the  opinion  that  a  heavy  precipitation  is  impos- 
sible in  tbe  atmosphere  If  this  heat  ia  not  immediately  convertM  into 
electricity'  {Die   Beziehung  der  Elcktricittit  zum  Oewitter,  Vierteljahn' 
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tckri/i  der  natiafor$chmdm  6e»ellieha/t  in  ZUrich,  14.  JArg.,  1869). 
<>3%e  thuoder-stonn  begiDS  vith  a  precipitation  of  Tapor  in  oon- 
sequence  of  the  cooling  of  the  air;  this  precipitation  is,  however,  ac- 
companied by  a  development  of  heat,  and  this  heat  developed  by  the 
condensation  of  vapor  constitntes  the  chief  difBoulty  in  the  explaLaUon 
of  tbnnder-storms."  Wettstein  now  compotes  for  a  few  cases  the  qnu- 
tity  of  heat  set  free  by  the  condensation  of  vapor,  and  investigates 
whether  the  cooling  prooesfloa  that  oconr  in  nature  snfQce  to  remove 
this  qnantity  of  heat  and  to  render  possible  the  oondensation  of  vapor. 
We  will  delay  somewhat  over  this  chapter  of  the  interesting  work  of 
Wettstein,  becaose  the  oitation  of  his  oompatations  and  the  proof  of 
the  errors  that  have  slipped  in  will  best  lead  to  the  recognition  of  tb« 
important  part  that  tbe  asoending  movement  of  the  air  must  play  in  all 
heavier  processes  of  precipitation. 

Wettstein  first  considers  the  cooling  of  ascending  moist  air.  H« 
compntes  the  diminntion  of  temperature  aocording  to  a  weli-knoffa 
formnla  of  the  meohanioal  theory  of  heat  for  the  case  where  do  conden- 
sation takes  place.  For  an  ascent  of  1,000  meters,  there  results  a  cool- 
ing of  lOo  C.}  for  2,000  meters,  20° ;  for  3,000  metere290}  for  4,0» 
meters,  38<^ ;  for  9,000  meters,  47°.  If,  now,  the  air  was  originally  ^ 
0.  warm,  and  saturated  with  vapor,  then,  by  its  ascent,  vapor  will  bs 
oondensed ;  as,  for  instanoe,  for  1,000  meters  ascent,  22.83  — 12.74  s 
10.09  grams  per  cubic  meter ;  tbo  latent  heat  thereby  liberated  is  10.09  x 
0.690  =  S.9S  units  of  heat,  which  suffices  to  raise  the  temperatnie  of 
tbe  air  and  the  condensed  water  by  more  than  lSo.5  O.  Since  the  cool- 
ing due  to  expansion  amounts  to  only  10°  U.,  therefore  Wettstein  cod- 
olodes  that  precipitation  is  impossible.  In  a  similar  manner,  he  finds 
for  an  ascent  of  2,000  meters  an  excess  of  nearly  10°  0.  of  warmth,  for 
3,000  meters  nearly  6  C,  and  for  4,000  meters,  0°.?  0. 

For  a  current  of  air  rising  up  to  5,000  meters,  tbe  cooling  is  47^.2,  and 
thewarmiog41o.4;  therefore  the  re8ultantcooUng60.8;fh)m  these  figures, 
it  follows,  says  Wettstein,  that  the  lowering  of  the  temperature  of  the 
air,  in  ooDseqnence  of  its  expansion,  will,  up  to  heights  of  more  than 
4,000  meters,  be  neatralized  by  the  heating  dae  to  the  condensation  of 
vapor,  and  that  tbe  ascent  of  warm  moist  air  can  be  accompanied  by 
precipitation,  first  at  very  great  altitodes,  between  4,000  meters  and  6,000 
meters. 

The  vicious  reasoning  here  presented  consists  in  this,  that  an  amount 
of  precipitation  is  iotrodaced  iu  the  computation  that  cannot  possibly 
occnr  in  nature.  The  air,  by  an  ascent  of  1,000  meters,  will,  indeed,  in 
coDseqaeoco  of  vapor,  cool  by  less  than  10°  C.,  but  cool  it  will  somewhat, 
and  consequently  some  precipitation  must  occnr.  We  shall  subsequently 
see  that  in  tbe  supposed  case,  air  saturated  at  25°  C.,  the  cooling  amonnts 
to  0O.4  for  each  hondred  meters  of  ascent,  and  therefore  for  a  thousand 
meters  amonnts  to  4°.  This  would  give  for  each  cubic  meter  a  precipi- 
tation of  4.66  grams.    If  tbe  ascending  current  has  tbe  very  moderats 
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velocity  of  2  meters  per  aecood,  the  precipitation  on  a  base  of  one  sgnare 
meter  in  one  bonr  voold  amoaat  to  33,6  kilograms,  coirespODdiog  to  a 
deptb  of  rainfall  of  33.6  millimeters.  This,  therefore,  wonld  give  a  rain- 
foil  of  greater  iut«n^ty  Uian  has  over  yet  been  observed  at  Vienna.  It 
is,  therefore,  certainly  not  necessary  to  take  refuge  in  the  asanmption  of 
a  oonvereioQ  of  beat  into  electricity  in  order  to  explain  the  heaviest  rains 
of  thunder-storms  by  the  ascending  corrents  of  moist  air, 

Wettstein  then  considers  the  mixing  of  warm  and  colder  air.  He  as- 
sumes that  a  cubic  meter  of  air  saturated  at  25<3  is  mixed  with  a  cubic 
meter  of  air  also  saturated  at  0°;  there  resolt  2  cubic  meters  having, 
if  we  at  first  neglect  the  latent  heat  of  condensation,  a  mean  tempera- 
ture of  12°.5,  These  two  cubic  meters  contain  22.83  -f  4.87  s  27.70 
grams  of  aqueous  vapor';  bat  at  12^.5  0,  only  21.92  grams  can  be 
contained  oa  vapor  in  2  cabic  meters,  therefore  5.78  grams  will  be  con- 
deoeed.  This  oondensatiou  liberates  a  quantity  of  beat  which  is  snffi- 
cieot  to  warm  the  air  by  fio.6,  so  that  its  temperature  rises  to  18°.l. 

At  this  temperature,  however,  2  cubic  meters  of  air  can  contain 
30.68  grams  of  vapor,  or  more  than  is  contained  in  the  two  masses  of 
air  together.  It  follows,  thence,  that  precipitation  can  also  not  be  pro* 
duoed  by  mixture. 

Here  again  we  have  to  do  with  the  same  vicious  reasoning  as  in  the 
preceding  case.*  In  consequence  of  the  warming  of  the  air  due  to 
the  condensation  of  vapor,  5,78  grams  of  the  latter  will  not  be  con* 
deosed,  but  less.  By  trial  we  easily  find  that  the  mixing  will  bring 
about  a  temperature  of  somewhat  leas  than  14'3.9  0. ;  2.41  grams  of  vapor 
will  condense,  whose  latent  heat  suffices  to  raise  the  temperature  of  ibe 
air  by  not  qnite  2^.4  0.  above  that  which  would  have  l>een  given  by  a 
mixture  of  dry  air.  The  case  here  assumed  of  the  combiuataon  of  masses 
of  air  saturated  at  25°  and  at  0°  cotainly  occurs  very  seldom  in  natoie; 
even  differences  of  10°  in  the  temperatures  of  currents  of  air  are  not 
frequent  We  assume,  however,  now  the  very  favorable  case  of  a  mix- 
tore  (^asaturatdd  stratum  of  air  l,000meter8  deep  with  asaturated  current 
ISO  colder  thronghout  its  entire  extent.  lu  its  lower  portions,  the  worm 
air  lias  a  temperature  of  25^,  its  npper  portion  20° ;  consequently  the 
oold  current  has,  reapectively,  lO'^  and  6°.  Since  each  cubic  meter  of 
wann  and  of  cold  air  mutually  interpenetrate  each  other,  there  will  be 
condensed  from  every  pair  of  cubic  meters  in  the  lowest  strata  about 
LO,  bat  in  the  highest  strata  0.8;  on  the  average,  therefore  0.0  gram 
of  vapor.  This  gives  for  the  entire  depth  of  the  stratum  of  air  0.45 
kilogram  of  water  per  square  meter,  therefore  a  depth  of  rainfall  of  0,45 
millimeter.  The  mixed  stratum  has  now  attained  a  mean  temperature 
of  about  16°,  but  since  the  cold  current  continually  supplies  new  masses 
of  air  averagiug  7°.5  0.,  the  precipitation  continnes  with  diminish- 
ing intensity  until  the  temperature  has  sunk  to  10°  at  the  bottom,  but 
at  the  top  to  5°.  The  maximum  quantityof  water  that  can  altogether  fall 
for  a  cooling  of  7°.5  would  be  abont  11.9  kilograms  per  square  meteri 
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or  a  rainfoll  of  11.9  milltmetere ;  bat  since  at  least  4.05  kilograms 
of  air  Rt  10  0.  most  be  mixed  witb  each  liilograra  at  25°  in  order  to  lower 
tbe  temperature  to  nearly  10°,  and  to  absorb  the  latent  beat  of  the 
13.47  grams  of  vapor  tbat  will  tbereb;  be  coDdensed,  therefore  it  is  im- 
probable that  tbis  maximam  will  ever  be  attained.  This  quantity  of 
water  will  [most  probably]  be  distriboted  over  a  large  extent  of  sarface. 

By  the  flowing  of  warm  and  cold  carrent«  over  eetdi  other,  notwith- 
Btanding  tbe  slight  depth  of  the  stratum  in  which  tbe  mixture  of  the 
air  and  condeaaatlon  take  place,  there  can  fbll,  in  tbe  course  of  time,  a 
considerable  amount  of  water  apon  a  nnit  of  sariace,  bnt  tbe  dcnaily 
of  the  precipitation  in  tbis  ease  will  be  less  tbaa  in  the  foregoing. 

From  this  exposition  it  appears  to  me  to  follow  that  the  mixture  of 
nrasses  of  moiet  air  of  different  temperatures  cannot  prodace  any  vei7 
intense  or  h^vy  precipitation,  and  that  tbe  ordinary  presentatioo  of 
Hntton^B  rain  theory  leads  to  an  overestimate  of  the  quantity  of  pre- 
cipitation dne  to  tbis  aonroe.  The  frequent  occarrence  of  heavy  predp- 
itation  on  tbe  occasiona  of  inflow  of  colder  currents  of  air  we  explain  to 
oorselvea  by  tbe  cO'Operation  of  an  ascending  corrent  in  conneotioii 
tfaevewith. 

Tbe  cooling  of  the  air  at  tbe  earth's  surface  [itself  cooled  by  radia- 
tion] can  oaitse  only  local  precipitation  conflned  to  a  thia  stratum  of 
air.  In  this  maoon  originates  the  groond  fbg,  which  is  with  na  most 
fi-eqaent  in  tbe  early  spring,  and  also  tbe  ground  fog  of  the  Polar  Be- 
gi<Hia,  often  extraordinarily  dense,  bat  reaching  only  to  a  slight  attitude, 
of  which  HiddeBdoi!f>  in  bis  volame  of  joarneys  in  Siberia,  has  grivcD 
grapfaic  descriptions;  The  radiation  of  heat  from  the  moiat  air  itself, 
even  if  we,  with  Tyndall,  ascribe  to  it  a  great  power  of  radiation,  can 
certainly  only  prodnce  a-  relatively  thin  covering  of  clouds,  whose  for- 
mation must  in  great  part  or  entirely  binder  a  fortber  loss  of  heat  frooi 
the  lower  strata. 

The  ascending  movement  of  moist  air  mast  therefore  be  considered 
fa  the  mosbfraitftil  soaroe  of  precipitation,  a  result  which  was  long  ^c« 
ascertained  by  obaervations,  hot  is  in  tfae  preceding  now  also  dednotively 
established.  We  will-  in  oar  nest  artiide  turn  to  the  consideration  of  the 
causes  of  the  asoending  movem«it  of  the  air,  oonceming  which  sahject 
in  recent  times  exhaustive  works  have  been  pabltshed,  which  have  not 
yet  received  corresponding  notice  is  this  Journal. 


NOTES. 

No.  1.  Zeltsohrjft,  vol.  ix,  jmgB  Sid. 

No.  8.  ZeitMshrift,  voL  viU,  page*  1(»  and  177. 

No.  3.  ZelUchrift,  vol.  viil,  p&i[B  177. 

No.  4.  We  take  thii  occoBion  to  empbaiiEe  tbe  Importatice  of  the  poblicalion  of 
hourly  obaervntloiis  of  all  tbe  nieteorologicftl  elements  for  mt  least  one  normal  atattOD 
in  eacb  conntry  of  aventge  msKititDde.    Tliat  whlob  at  tbe  preaent  eeema  snpeifliwM 
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TillMitdnlyin  the  fatnrebefalt  uadiaaatioDBnegleotiirliichia  moHtcaaeseim  nerer 
b«  madu  up. 

Sih  5.  Tbia  limitation  was  Bclect«d  wtlb  rafereaco  to  the  dlnmal  tnmiDg-patiits  of 
barometriopreHDK;  it  also  agrees  well  witb  tbe  time  dariog  wbicUtbeascendiDgcori 
rent  of  air  is  ac:iTe.  Caave  ot  laiti  coDtinniug  moro  tban  tbreo  boara  ore  so  rare  tbat 
DO  aToragss  are  to  be  taken. 

So.  e.  Properly  tbie  is  tike  boar  between  wbicb  aod  tbe  following  thot  rainfall  is 
neasDied  vbicb  has  been  enteied  under  tbe  first  boor  of  luo. 

So,  7.  Even  J.  MUller,  ia  bis  Caamioal  Fhjsioe,  bae  taken  no  notice  of  the  neceasaiy 
cooling,  and,  moreover,  has  intiodooed  into  the  computation  the  latent  best  of  «  kilo- 
gnm  instead  of  a  gram  ot  vapor  (3d  ed.,  page  678). 

Ifo.  B.  WettetelD  baa  need  somewhat  different  numbers  for  the  maslmnm  weight  of 
iqseona  TSpoT  in  a  nnbio  meter  of  Mtnntted  air.    I  know  not  wfaeooe  tbey  eeme ;  tttey 
aie  neither  tbe  ordhiary  namlMn  nor  tbne  given  in  Zeanei's  QninditlgB,  t*blft  I,  page 
S,   For  the  sake  of  nniformit;  with  snbaeqnent  oompotations,  I  bava  thnmghoat  snb-  . 
stitoted  the  valnea  given  by  the  ocdlDary  fonnola 

So.  9.  Espy,  also,  in  bis  Fhiloeopby  of  Stonns,  guided  by  aimilar  compntationa, 
has,  like  Wettstein,  rejected  Tlotton'e  theory  of  tain. 


In  reply  to  aome  remarks  by  Captain  Hoffbaeyer,  Dr.  Hann  publishes 
the  following  additional  note : 

ATMOSPHEEIO  PEESSUEB  AND  RAINFALL.     - 

m  HslMnlagluiI  AhimUUoii,  i,  p.  It, 

Captain  Hoffmeyer  criticises  a  partially  n^jastifiable  generalization 
from  tbe  result  of  observations,  whioh  in  Btrictness  only  bolds  good  for 
localities  on  the  north  side  of  the  Alps.  To  this  note,  Captain  Hoff- 
meyer  adds  a  series  of  remarks  and  concIasioDs  that  are  the  more  vaiaa- 
ble  in  the  theory  of  storms,  inasmach  as  they  rest  upon  the  nnprgndiced 
daily  study  of  facts,  which  at  present  are  scarcely  fonod  oolleot«d  to- 
gether and  collated  at  any  other  place  in  soch  abondance  as  at  the 
Ueteorological  Institute  in  Copenhagen. 

I  can  almost  perfectly  accede  to  tbe  views  of  Captain  Hoffmeyer,  and 
this  will  be  evident  to  every  reader  of  my  essay  published  in  vol.  is  of 
this  journal ;  but  my  objection  to  the  theory  of  Espy  and  B«ye,  that  the 
ascending  current  of  air  is  the  only  or  the  chief  cause  of  the  barometric 
minimam  at  the  storm  center,  seems  to  me  not  thereby  disturbed.  Ac- 
cording to  my  way  of  thinking,  the  position  of  the  qneatlon  ia  at  present 
as  follows :  Observations  show  that  the  heaviest  rains  in  the  tropics 
have  so  slight  an  influenoe  on  tbe  atmospherio  preasora  tlnU  they  are 
unable  in  the  least  to  disturb  the  regular  dinmal  variation  of  presanre. 
Sow,  It  seems  to  me  illogical  to  assume  that  the  same  canse  can  under 
quite  analogous  conditions  be  accompanied  by  opposite  coosegueuces. 

■oqIc 
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The  ottjectioD  tiiat  the  tropical  ratoa  (and  the  Batnmer  rains)  are  of 
mach  more  local  nature  than  the  winter  rains  of  temperate  and  arctic 
latitades  I  can  only  deaignate  as  a  mabe-shift,  for  the  great  intensity  of 
the  tropical  (and  sammer)  rains  mnet  make  np  for  their  slight  extent 
at  leaat  so  far  that  a  tendency  to  a  fall  of  the  barometer  maat  be  evi- 
dent in  the  observations.  The  demonstration  that  the  tropical  r^ns 
always  bare  a  leas  extent  than  the  precipitations  accompanying  the 
stonns  of  higher  latitades  mnat  at  any  rate  be  first  produced,*  and  after 
that  the  proof  will  still  have  to  be  given  abowing  why  the  beat  liberated 
by  the  ten  and  twenty  times  heavier  eqnatorial  rains  cannot  canse  ao 
ascending  corrent  intense  enough  to  canse  a  depression  of  even  3  or  3 
milUmetera  in  the  barometer  at  the  earth's  surftice,  while  onr  winter 
rains  ere  accompanied  by  depressions  of  30  or  10  millimeters. 

We  have, on  the  other  hand, no  observations  that  would,beyond  doabt, 
prove  that  the  formation  of  cloads  and  rain  ia  alone  able  to  sensibly 

■lampersDadedthat  in  many  troptcalconDtiiN,  Mpecloll; in  tiie  eqaatoriai  sone 
itwlf,  dnring  the  roioy  period,  precipitation  occnrsBimnUftneonslfovBT  a  region  which 
is  at  Iieat  aa  large  aa  that  wbioh  ooneaponda  to  the  last  hulf  of  oar  own  rerolviog 
stonns.  lb  Is  a  rather  iridespread  error  that  the  rainfall  In  the  tropics  always  oooais 
in  the  fonn  of  local  tbnnder-storme.  There  oconr  equally  nnlform  and  constant  raUw 
there,  as  is  the  ease  with  oar  own  general  nios.  On  this  point,  I  refer  ooly  to  the 
Reports  of  Frantzlns  on  the  Atlantic  Coast  of  Central  Ametica  ("  ZeitBchrift  Bit  Erd- 
knnde,"  1868},  of  Hnmboldt  and  of  Bates  ("Der  Natvifoncheram  Ama£oneastr«iii "} 
«n  the  region  of  the  Amazon ;  e.  g.,  Bates  says :  "  From  the  14th  to  leth  Janoary  the 
-weather  was  l>ad ;  it  rained  sometimea  twelve  boDTS  in  sncoeasion,  not  lieavy,  indeed, 
bnt  steadily  driEiling,  aa  in  England."  As  soon  as  we  approach  theeqoator  withiD3°  of 
latitude,  we  aetdom  find  opportunity  to  observe  snn  and  stars.  The  mlMionary  in  Sao 
Antonio  de  JaWta  asantes  ns,  says  Hnmboldt,  that  he  bos  often  seen  it  rain  here  four 
or  five  oontliB  wlthont  oeeeation.  These  ore  certainly  no  local  raloe,  for  tbeae  remarks 
refer  to  tlie  nniform  lowland  of  the  Middle  Amaton  and  to  tbe  Bio  Negro.  Eyen  in 
Vienna  It  is  seldou  that  rains  continue  twenty-fonr  honrs  or  more.  Aooording  to  the 
fire  years  of  registere  of  a  rain-antograph,  there  occur  on  the  average  in  a  year  only  4.3 
precipitations  that  last  over  twenty-four  hours.  (See  Hann,  Met.  Windrosen  fUr 
Wien,  Sitzb.  E.  Alcad.,  1867.) 

B;  reason  of  the  great  attention  that  travelers  have  given  to  tbe  regular  daily  changes 
of  the  barometer,  it  wonld  I>e  highly  remarkable  if  any  coaneetlon  between  the  rain 
and  the  barometrio  depression  bad  eeo^ed  them  in  a  climate  where  there  are  no  ineg- 
nlor  changes  of  presanre  in  consequence  of  obangee  of  wind-direetioa.  And  yet  one 
finds  no  no'.e  as  to  the  presenoe  of  any  aucb  relation  between  rain  and  pressure— the 
remarks  express  themselves  directly  agunst  each  connection.  I  will  here  quote  only 
one  passage  from  Herscbel's  Meteorology,  page  163:  "Colonel  Sykes  remarks  (Phil. 
Trans.,  1S50)  that,  among  many  thousand  ol>servatlons  taken  personally  by  himself  on 
tbe  platean  of  the  Deooan  C18^5-1B30J,  there  was  not  a  aolitsry  instance  In  which  tiw 
barometerwasnothlglier  at  9or  10  a.m.  tbanatsnniise,  andlower  at4or  5  p.  m.tliaa 
at  9  or  10  a.m.,  whatever  the  state  of  the  weather  might  be."  Humboldt  also  ohaervea 
(tome  I,  p.  308):  "This  regnlarity  is  such  that.  In  the  daytime  especially,  we  may  Infer 
the  boor  from  tbe  height  of  the  column  of  mercary  without  being  In  error  on  an  aver- 
age more  than  15  or  17  miuntes.  In  the  torrid  aoue  of  the  new  oontiaent  I  have  fbnod 
the  regularity  of  this  ebb  and  flow  of  the  afirial  ocean  undistnrlied  either  \tj  storm, 
tempest,  rain,  or  earthquake,  l>oth  on  the  coasU  and  at  olevatioDS  of  nearly  13,C00  Gwt 
alMve  tbe  level  of  the  eea." 
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diminiBb  the  atmoepherio  pressnre.  Bat  Then  dot  ve  see  that  the 
yreasare  Id  the  center  of  a  whirl  sinka  veiy  low  so  eoon  as  these  raios 
Ml  in  conseqnence  of  a  rotatory  tootioa  (Mf  the  air,  mnst  we  then  not 
oonclade,  not  that  the  rain,  bot  more  probably  the  Thirl  itself,  is  the 
caose  of  the  barometilc  depression,  especially  as  mechanical  principles 
teach  OS  that  in  the  midat  of  a  rotating  mass  of  air  the  pressnre  most 
decrease  toward  the  axis  of  rotation  1  I  therefore  believe  that  in  the 
preseot  state  of  our  knowledge  of  tbe  phenomena  of  stonns  we  mnst 
seek  to  explain  the  barometric  minima  of  the  storm  centers  by  dynami- 
cal laws.  A  step  in  this  direction  baa  been  made  by  Ferrel  (see  "Silli- 
man's  Jonmal,"  Jannary,  1S61 ;  and  "  Natnre,"  Jnly,  1S71).*  I  will  re- 
nounce this  view  wbenever  any  one  shall  bare  completely  demolished 
tlie  objections  that  can  be  raised  against  the  origin  of  barometric  minima 
in  conseqoence  of  an  ascending  air-current  withoat  rotatory  motion. 

I  have  acknowledged  that  I  have,  In  fact,  expressed  myself  too  gen- 
erally in  reference  to  an  observation  that  one  can  with  us  note  at  any 
time,  and  Hoffmeyer  remarks  that  in  Denmark  also  the  heaviest  rains 
mostiy  occur  dnring  the  lowest  pressores.  Of  course,  hovever,  this  does 
not  prove  that  tbe  rain  must  be  the  cause  of  the  low  pressure.  This,  and 
the  -Jnstiflcation  of  my  statement,  at  least  for  all  places  that  are  pro- 
tected from  the  soath  and  soatbwest  winds,  will  be  shown  by  the  follow- 
ing collation  of  the  results  of  observations. 

TFlnd-ntet  for  Barometria  Fraiure  and  Peratntagn  a/  BainfaU, 
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On  tbe  lee  side  of  the  Alps  (as  at  Vienna)  and  of  tbe  Bieaengebirga 
[=»  Giant  Mountains  between  Bohemia  and  Prussian  Silesia]  (as  atBres- 
lao,  Zechen,  andGorlitz],  the  greatest  precipitation  occurs  with  W.  and 
NW.  winds,  bat  on  the  2forth  German  slope  with  SW.  winds.  Even  here, 
however,  the  lowest  pressnre  does  not  perfectly  coincide  with  the  max- 

[*NoTE  BT  THX  TtUNSLATOR.— Mr.  Fenel'a  first  memoir,  Nuhville  Jomnftl  of  MedU 
oine  aai  Bowery,  x),  1856,  and  b\B  eleKuit  mathematical  paper  published  in  Tlia 
Mathematical  Monthly,  1859  and  1860,  Tola,  il  aod  lil,  appear  Dot  to  have  been  acccBsi- 
bla  to  Fro£MSor  Honii.] 
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imnm  rainfall,  aod  the  wind-roBes  of  Zecheo  and  Vienna  show  that  ia 
fact  it  caoDOt  be  dependent  upon  the  lattw.  The  distribotion  of  pres- 
8Die  in  the  wind-roses  sboira  no  d^tendenoe  opon  tbe  diBtribntioa  of 
rainfall,  and  tbis  is  furtber  testimony  tbat  f^  rain  cannot  be  tbe  caase 
of  tbe  low  pressare  daring  S.  and  SW.  winds.  If  we  nnite  into  one 
mean  tbe  corresponding  ralaes  for  tbe  places  having  similar  distribution 
of  rain,  wo  obtain  tbe  following  more  general  series  of  flgnres ; 


Berlin,  Bl^etl^udtl 


If  we  start  witb  tbe  lowest  barometric  reading,  and  fbrm  tbe  changes 
•f  pressure  b;  passing  from  one  wind>direction  to  the  next,  wo  obtaia 
tbe  following  series  of  numbers : 
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Therefore,  in  spite  o£  the  increasing  rainfall,  as  tbe.  wind  reera  &om 
SW.  to  N  W.  the  pressure  increases  by  3.4  millimeters  in  series  A.  If  the 
rain  caused  tbe  slightest  sensible  fall  in  pressnre,  then  in  the  wind-roaea 
for  Vienna,  Breslan,  &c.,  tbe  minlmam  of  pressare  would  change  fron 
the  south  to  the  west  side.  But  notwithstanding  that  only  little  rain 
falls  with  S.  and  SW.  winds  in  Vienna,  Breslan,  &c.,  still  the  atmoa- 
pheric  pressare  is  lowest  with  these  winds,  precisely  as  at  those  places 
for  which  tbe  maximam  rainfiall  and  tbe  miniaium  preesure  nearly 
coincide. 

Since  on  tbe  nortb  slope  of  tbe  Alps*  and  on  the  northeast  side  of  the 
Bieaengebirge,  tbe  heaviest  precipitations  occur  <m  the  soatbweat  side 
•f  tbe  storm  center,  tbereforo  the  latter  should  receive  a  tendency  t» 
remain  stationary  or  even  to  retrogress.  This  deserves  a  further  exata- 
ination. 

*  Eapeciall;  in  tbe  valle;  of  Vienna.  In  ManicL  and  Kremsmll aster,  tlie 
rainfbll  appeara  to  occnr  with  WMt  wiDdB;  bat  Tlenua  is  also  protected  o\ 
by  Bpnn  of  tlie  Alps. 
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THE    LAWS    OF    THE    VARIATION    OF   TEMPEEATDEE   IN 

ASCENDING  OURHENTS  OF  AIB,  AND  SOME  OF  THE  MOST 

mPOBTANT  C0NSEQDENCE8  DEDUOIBLE  THEBEFEOM. 

Br  Dr.  J.  Hanx. 

[TruwUted  bj  CtaTclud  Abb*  from  Z«iL  Osn.  Q«hU.  Mot.,  im4,  li.  pp.  311  K  jsg  ) 

OdI;  in  the  last  ten  yeara  have  we  really  began  to  fnlly  credit  and 
establish  phyeically  tbe  great  importance  of  the  ascending  moA'ement 
of  air  for  a  whole  series  of  atmospheric  phenomena.  This,  for  iostance, 
cao  be  clearly  seen  when  we  seek  to  collect  the  sentences  relating  to  the 
asceodiDg  currents  in  tlie  carefully  and  comprehensiTely  compiled  Lebr- 
bnch  of  E.  E.  Schmidt,  Leipsic,  I860.  Notwithstanding  that  the  cool- 
ing of  ascending  air  in  cooseqaeoee  of  expansion  conld  long  since  have 
lieea  compated  by  means  of  an  eqoatioa  deduced  by  Poisson,  still  wo 
bave  made  only  fruitless  efforts  in  its  application  to  atmospberio  pbe- 
nomeDa,  ood,  for  instance,  bave  soagbt  to  explain  the  precipitation  ou 
tbe  flanks  of  a  mountain  over  which  a  wann  carrent  is  blowing  mostly 
by  the  contact  of  tbe  risiug  air  with  tbe  cool  eartb,  also  by  the  mixture 
of  the  air  with  the  higher  colder  strata.  Evidently,  it  bas  been  con- 
sidered not  quite  certain  how  far  the  equation  of  Poisson  is  applicable 
to  tbe  processes  in  the  free  atmosphere;  for  there  was  do  appropriate 
example  at  hand  by  means  of  which  to  demonstrate  qaoDtitatirely  tbe 
dimination  of  temperatare  with  altitude  io  accordance  therewith.  The 
Miinote  study  of  the  Fohn  phenomena  first  led  to  sncb  knowledge,  and 
showed  the  difference  of  temperatare  demanded  by  the  theory  between 
the  lower  and  apper  strata  of  a  descending  current  of  air  and  the  cir- 
•amstancea  which  enforced  tbe  recognition  of  the  connection  between 
cause  and  effect.*  The  theory  of  ascending  moTements  of  air  has,  how- 
ever, experienced  a  very  important  advance  through  the  labors  of  cer- 
tain physicists  (W.  Thomson,  Beye,  FesUn),  who  bave  deduced  from  the 
principles  of  the  mechanical  theory  of  heat  the  laws  of  the  variation  of 
temperatare  in  ascending  or  descending  dry  or  moist  masses  of  air. 

In  our  Zeitschiift  we  have  as  yet  presented  no  report  oo  these  important 
labors,  and  as  they  have  also  not  as  yet  been  presented  in  the  physical 
or  meteorological  text-books,  we  consider  it  proper  here  to  explain  and 
t«  deduce  tbe  most  important  propositions  in  tbe  simplest  manner  pos- 
sible. 

1. 

The  Amount  of  the  Diminution  of  Temperatiire  in  Ascaiding  Currents  of 
Air  in  which  no  Gonimtation  of  Vapor  oomn. 

Let  dQ  denote  a  very  small  quantity  o[  heat  imparted  to  or  abstracted 
from  a  unit  weight  of  air; 
0,  tbe  speciflo  heat  of  air  at  constant  pressure  =  0.2376; 
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dtj  the  sligbt  change  of  temperatare  which  ia  prodaced  by  dQ; 

J,  the  mecbaaical  eqaWalent  of  a  unit  of  heat  =  424  kilogram-meters; 

K,  the  constant  gnantity^X*,  which  for  the  atmoapbere  equals  293, 

and  where  pg  is  the  pressare  of  one  atmosphere  apoo  a  square  meter  s 
10,333  kilograms; 

vo  is  the  volume  of  a  unit  of  weight  of  air  at  the  pressare  pt  and  tern- 
pertnre  0°  O.} 

273  is  the  zero-point  of  the  Celsius  scale  according  to  scale  of  abso- 
lute temperatures; 

T,  the  temperature  measured  from  the  absolute  zero-point  :=  273°  +  f ; 

t,  the  temperature  according  to  the  Celsius  scale. 

We  now  have  the  equation* 

^r  p 

If  the  mass  of  vapor  rises,  and  if,  as  is  the  case  in  oature,  heat  is 
neither  added  nor  taken  away,  its  temperature  will  change,  since  under 
diminishing  pressure  p  its  volume  increases.  In  this  case,  dQ  =  0,  anA 
the  connection  between  the  temperature  and  the  change  of  pressure  is 
given  by  the  equation 

For  the  slight  elevation  dh,  the  diminution  of  pressors  dp  is  given  by 
the  equation 

—  dp  =  pdh, 
where  />  is  the  density  of  the  air  under  the  pressure  ji. 

From  pv  =t  BT  it  follows,  since 

p' 
that 

P^P         and        ~dp=Pdhi 


or,  when  the  values  of  J  and  e  are  introduced, 

^  =  -1= -0.009907; 
dh         Jo  ' 

the  quotient  ^  represents  the  relation  between  the  Tariation  of  tem- 

peratttie  and  of  altitude,  and  therefore  gives  the  change  in  temperature 
or  the  oooUng  of  the  rising  mass  of  air  for  an  ascent  of  one  uuit  of  length ; 
that  is  to  say,  ibr  one  meter.  Conseqnently,  the  cooling  of  the  ascend- 
ing air  amounts  to  almost  exactly  1°  O.  for  every  100  metera,  and 
remaius  the  same  no  matter  at  what  level  the  ascent  begins*  or  what  the 
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ioitjsl  temperature  may  have  been.  Oooversel?,  a  descending  current 
of  air  grows  vaimer  at  the  rate  of  1°  0.  per  100  meters. 

If  the  rising  air  contains  aqaeoas  vapor,  and  if  the  latter  is  not  con- 
densed l^ecaase  the  air  remains  relatively  dry,  and  its  ascent  has  not 
coDtinaed  safficiently  high,  then  will  the  dimination  of  temperatnre  be 
aomewbat  slower,  since  the  specific  heat  of  aqueons  vapor  (0.4805  accord- 
ing to  Begnaalt]  is  somewhat  higher  than  that  of  the  air,  bat  to  so  slight 
an  extent  that  we  can  entirely  neglect  this  retardation,  and  be  entirely 
satisfied  with  the  above  adopted  valne  of  1°  O.  per  100  meters.  The 
weight  of  vapor  contained  in  one  kilogram  of  moist  air  is  at  the  atmos- 
pheric temperatares  so  sligbt  in  comparison  with  the  weight  of  the  air, 
that  the  somewhat  greater  specific  heat  of  the  damp  air  can  exert  bat 
little  influence. 

Ifq  represents  the  weight  of  aqneons  vapor  contained  in  a  kilogram 
of  moist  air; 

1  —  5  =  the  weight  of  tbe  dry  air: 

&  =  tbe  specific  beat  of  tbe  moist  air,  will  be  given  by  the  expression 
</  =  0.2375  (1-3)  +  0.4806  q  =  0.2375+0.2430  q. 

The  valne  of  q,  wbicb  always  remains  a  very  small  firaction,  is  fonnd 
from  the  following  equation :  * 


-  0.000751. 


^  p  — 0.377  fl' 

or  very  nearly 

g  =  0.623 1{ 
P 
where  e  represents  the  tension  of  vapor,  andp  the  total  pressure  or  height 
of  barometer  wben  both  qnantities  are  measured  by  the  height  of  a 
colamn  of  mercury.  For  instance,  if  the  ascending  air  has  at  30°  O.  a 
relative  bnmidity  of  60  per  cent,  for  which  e  =  18.9  millimeters,  then 
will  q  =s  0.01564 ;  whence  &  =  0.2413,  and  the  quotient 

dt 1_ 

dh         J&~' 

The  change  in  temperatnre  is  therefore,  for  every  lOO  meters,  only  O0.OI6 
smaller  than  for  dry  air.  Tbe  entire  error  introduced  by  extending  tbe 
computation  to  900  meters  above  which  condensation  follows  amounts 
therefore  only  to  0O.14  0. 

We  may  be  allowed  here  to  add  some  farther  remarks  npou  the  rela- 
tions between  the  temperatnre  and  pressure  of  the  air.  The  formnla 
previously  found  gives  directly  tbe  change  of  temperature  as  dependent 
upon  the  change  in  altitude  of  a  mass  of  air;  we  will  now  seek  for  a 
relation  which  expresses  the  change  of  temperatnre  dependent  npon  a 
change  of  pressure.  From  tbe  fundamental  equation  first  laid  down,  it 
follows  directly,  ifdQisO,  that — 

dt     B      T     ^„„,1 

if  for  R,  c,  J,  the  values  already  given  be  introduced,  and  for  T  tbe  fsln« 
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273.  From  tbis  equation,  it  followa  that  at  tbe  surface  of  the  eartb,  or 
p  xs  760  millimetera,  a  change  of  temperature  of  (PAOi  G.  corresponds 
to  a  change  of  pressnre  of  1  millimeter,  so  that  a  barometric  fall  of  2(^ 
millimeters  correaponda  to  a  cooling  of  2°.l  C.  Bat  since  snob  a  &U  in 
pressure  requires  with  ns,  under  the  most  faTorable  caae,  an  interval  of 
twenty-fonr  hours,  therefore  are  tbe  changes  of  temperature  resnlting 
ttom  this  cause  completely  hidden  by  greater  changes  dae  toother  causes, 
and  I  do  not  tbink  it  will  be  possible  to  demonstrate  them.  When, 
therefore,  Sir  John  Hcrschel  considers  the  rapid  fall  in  pressnre  as  a 
very  frequent  inducement  to  tbe  formation  of  precipitations,  which  latter 
he  calls  barometric  fogs,  and  minatety  characterizes  them  at  page  93  of 
bis  Meteorology,  be  therein  evidently  overestimates  the  fall  of  temper- 
ature dae  to  this  scarce.  On  the  other  band,  in  the  tropical  cyclones, 
in  which  tbe  air  Sows  into  a  apace  wherein  the  pressnre  has  been  dimin- 
ished by  fh>m  40  to  60  millimeters,  sensible  precipitations  due  to  tbis 
cause  can  occur.  The  fundamental  equation  on  page  23  can  be  written 
tbns: 

dp _cJ  (It 

The  integration  of  this  equation  gives,  if  by  p,  T,  and  by  p',  F,  we 
designate  the  vnlucs  of  pressure  and  absolote  temperature  that  belong 
together, 


since  we  bare,  m  before  shown, 


f-KpJ 


where 


a * 


or  tbe  ratio  of  tbe  two  specific  beats  of  air ;  therefore. 


? 


<^T 


J=l 


Bat  this  is  the  well-known  equation  of  tensions  dednced  in  ao  entirel7 
different  manner  by  Foisson.    The  value  of 


=  1.41, 


-ctvGooj^lc 
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can  be  dedaced  fhim  the  above  given  Tallies  of  o,  B,  aod  J.    Obeerra- 
lioDS  OD  the  velocity  of  sound  in  the  air  give 


Inveresly, 

^-  =  0.2907  or  0.2807, 
and  with  this  we  have 

From  Polsson's  equation  we  cau  also  directly,  and  therefore  without 
the  assistance  of  the  principles  of  the  mechiinical  theory  of  heat,  dedace 
the  expression  for  the  diminution  of  beat  with  altitade  given  on  page 
24,  and  may  therefore  represent  it  as  a  simple  fanctlon  of  the  density  or 
the  presBore  of  the  strata  of  air  at  different  altitudes.  If  we  combine 
the  eqnatioD 


<w 


with  the  self  evident  relation 

P  _v^  T 

we  obtaia 

T 
=  27. 

and  theuoe 


(f)'-'- 


,^-©'=G)'. 


If  in  the  equation  dp  =  ddAve  aubstitote  for  ^  the  differential  <^ 


integrate,  and  coDsider  that 


i  =  l- 


57» 

ft-1 


(William  Thomson  on  the  Convective  Eqnilibrium  of  Temperatare  in  the 
Atmosphere,  Mem.  Lit.  and  Phil.  Soc  of  Manchester,  3d  series,  vol.  ii, 
1865,  read  Janoary  21, 1862.) 

In  this  equation,  2*,  i",  and  p'  are  the  values  of  temperatare,  density, 
and  pressore  that  obtain  at  any  moment  in  the  initial  stratum  of  air. 
For  the  sur&ce  of  the  earth, 

p'  =  10333  kilograms, 

a' =  1.293.  p, 
26  a 
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where  Tt  =  273°,  correaponds  to  the  zero-point  of  the  GeUias  ecale. 
Since,  therefore,  we  can  now  iotrodace  Celsius's  degrees  instead  of  abso- 
lute temperatnres,  we  find 

(=C-0.009932.A, 

tlierefore  again  the  constant  diminntion  of  temperatnre  of  1'^  0.  for 
every  100  meters,  if  we  omit  the  consideration  of  the  correction  of  the 
density  for  variation  of  gravitation. 


Determination  of  the  Diminution  of  Temyeratwre  in  an  Ascending  Current 
of  Saturated  MoUt  Air  which  continually  condenses  a  Portion  of  its 
Vapor. 

If,  while  the  mass  of  air  rises  throngh  the  slight  elevation  dk,  the 
small  quantity  dq  of  vapor  be  condensed,  then  will  the  quantity  of  heat 
rdqhs  liberated,  if  r  represents  the  latent  heat  of  aqneoas  vapor  at  the 
prevailing  temperature  t  For  moist  air  far  removed  from  the  point  of 
saturation,  we  havefoand  the  equation 


&dt  = 


-jdA, 


jdh 

represents  the  equivalent  of  the  quantity  of  heat  which  is  abstracted 
from  the  mass  of  air,  and  goes  over  into  the  work  of  expansion,  whereby 
the  temperatnre  sinks  by  dt  degrees. 

This  qnantity  of  heat  drawn  from  the  mass  of  air  will  now  only  in 
part  affect  it,  since  the  liberated  latent  heat  of  condensation  takes  up 
the  other  part.    Therefore  the  equation  must  now  stand 

&  dt  +  rdq=  — jdh. 


log  q  =  log  0.623  +  log  e  -  log j>, 
dq     de      dp 


and,  by  substitntion  in  the  original  equation, 


&dt  +  rq'^-rq"-^  +  t^dh=0. 

dp=:-pdb,  L,^„ ^^^  I ,  Gooj^lc 
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irhence 

P       P      ' 
IbeD  will 

c'dl+  rq^  +  rqtih  +  jSh  =  0, 
and  hence 

^,_     '+'■'■'', 

This  (lerivatioD  of  the  law  of  cooliog  of  moist  air  ia  doe  to  Peslio, 
who  first  gave  it  in  his  memoir  "Sar  les  Mouvements  G6n^rans  de  I'At- 
moepfaire;  Boll.  Hebd.  de  rAssociation  Scientlflqae  de  France,  torn,  iii, 
1868."  Even  before  him,  Sir 'William  Thomson,  in  1862,  deduced  a  ver; 
similar  relation,  but  the  derivation  givnu  by  Feslin  Is  somewhat  shorter 
and  more  elegant. 

The  quotient  jt  represents  the  dimiDution  of  tempemtare  Id  the 
ascending  moist  maas  of  air  for  an  elevation  of  one  nnit  of  length.  The 
diminntion  of  temperatnre  is  now  dependent  npon  the  qnantit;  of  vapor 
contained  in  the  air,  and  is  therefore  variable  according  to  the  tem- 
l«ratnre  at  which  the  air  is  saturated  with  vapor.  For  r  =  0,  that 
is  to  say,  in  case  no  coudensatioo  occurs,  the  cqaation  resolves  itself 
into  that  already  above  given  for  dry  air,  as  it  should  do. 

In  order  to  attain  a  more  accurate  insight  into  the  changes  of  tem- 
perature of  moist  ascending  air  at  different  initial  temperatures  and 
different  altitudes,  it  appears  to  be  most  convenient  to  compute  and  pre- 
sent in  one  table  the  valnes  of  ^  for  various  values  of  e  and  g,  which 
tatter  quantity  also  depends  upon  the  pressure  of  the  air.  Previously, 
however,  we  must  more  closely  consider  the  quantities  that  enter  into 
tbe  composition  of  the  formula.  Tbe  pnxluct  r .  gJ  represents  the  me- 
clianical  equivalent  of  the  latent  hent  of  all  the  aqueous  vapor  contained 
in  a  kilogram  of  moist  air,  and  its  computation  is  sultject  to  no  difficulty ; 

-  is  a  constant;  if  tbe  density  at  the  temperature 0°  and  at  the  normal 
pressure  of  one  atmosphere  (10333)  is  denoted  by  i>  =  1.292TT,  then,  siuce 
^  =  Dp,  is  6.09730  the  value  of  the  logarithm^-    Finally,  the  factor 


for  the  maximum  tension  of  vapor  for  any  tempemture  i.    This  for- 
mula reads : 
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vbere 

a  =  7.447fS 
and 

h  =  234.69. 
If  we  take  the  logaritbms  anil  differeiitiate,  we  obtain 
de    1  _  ,f       ab 
di' 


and  after  iDtrodacing  the  Dumerical  values 

de    1_  [3.604721 

at  '  e      (1134.7  +  ()*  • 
where  the  namlwr  inclosed  in  brackets  is  tbe  logarithm  of  the  product 
of  Ma  h  (*),  tbe  latent  beat  r  of  aqneous  Tat>or  at  different  temperatores 
is  compnted  accordioe  to  the  formula  of  Claosius, 

f  =  607  -  0.780  (. 
For  the  temperatures  below  0°  is  still  to  be  added  the  heat  liberated  on 
tbe  passage  of  water  from  the  fluid  to  the  solid  condition :  it  amounts  to 
80  calories.  Since,  however,  at  0°,  vapor  can  be  condensed  in  a  fluid 
form,  I  have  computed  the  diminution  of  heat  without  inclnding  this 
additive  heat  for  0^,  Tbe  differences  are,  however,  quite  unimportant, 
since,  for  760  millimeters,  we  have  dh  =  0.63  for  (  =  —  O^,  but  =  0.65 
for  t  =  +  0° :  fbr  200  millimeters,  we  have  ^  =  0.38  for  ( =  -  W>,  and  = 
0.40  for  t  =+  0°. 
Tbe  table  thaa  computed  ia  us  follows : 


urefortaeh  Hmdrtd  Mtlm  of  Jieending  SalaraUd  Air,  in 
graOiDegrms. 

Ce»ti. 

[ 

.s 

V 

1^ 

-10=. 

-so. 

i^. 

^. 

■- 

ISO. 

ao». 

S5". 

3D=>. 

jniHmiton. 

0.76 

i 

= 

0.54 

.49 
.« 

o.« 

0.4S 

!38 

0.il 

0.31? 

Mttm. 

M 

1 

Valae  of  qln  grammtt  or  Ikt  mig\t  of  tlui  aqaeoia  vapor  in 

a  tilogram  of  taturatid  air. 

MOSmltn. 

Oram. 

4.B 

t!3      io.a 

tT      10™ 

R  1         SO.  0 

Oraou 

»™ 

30.3 

Mtttn. 

Falme  of  l.^in  uiiJI*  <^  iheAflS  itetMal 


7971        7038        730t        7001        C73I  |      UK        «90t        Un        9TM 
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Tbe  preoeding  tables  give  Id  a  coDvenieut  maaner  answers  to  all  qoes- 
tioDB  that  relate  to  the  temperatare  of  an  ascending  satnrated  current 
of  air.  If  the  ascending  air  is  not  saturated  vitb  moisture,  its  cooling 
foUoirs  at  first  tbe  laws  for  dry  air,  and  the  figures  of  the  above  table 
first  come  into  application  when  the  cooling  has  reached  the  dev-poiut. 

But  before  we  draw  any  further  conclusions,  we  must  first  refer  to  the 
equation  for  the  expansion  of  saturated  moist  air  which  Beje  has  de- 
daced  (see  "Die  Wirbelatiirme,  p.  215,  or  Schlomiloh,  Zeitachrift  Uatb. 
uDd  Physik,  1864).  It  is  the  analogue  of  Poisson's  equation  for  the 
elasticity  of  dry  air.  If  we  designate  by  x  and  a/  the  specific  quantity 
of  vapor  for  the  absolute  temperatures  T  and  T  (that  is  to  say,  the 
maximum  weight  in  kilograms  of  tbe  vapor  contained  in  one  cnbio 
meter],  by  n  the  initial  pressure  in  tbe  atmosphere,  by  r  and  r'  the 
latent  heat  of  aqueous  vapor  at  tbe  temperatures  T  and  T',  and,  instead 
of  tbe  namerioal  coefficients,  write  tbeir  logarithms  within  brackets,  we 
obtain  the  following  equation:* 

l»8(J)=(3.«3S  +  [8.61417J^)log|:+[?:^«l(.r|-«'r'). 

This  formula  enables  us,  for  a  given  initial  and  final  temperature  and 
a  given  initial  pressure  (in  atmospheres),  to  compute  tbe  pressure  cor- 
responding to  tbe  final  temperature.  For  instance,  tbe  initial  tempera- 
tare  of  a  moist  current  of  air  wliicfa  rises  from  tbe  earth's  surface,  where 
»  =  1,  is  20°  C,  or  T'  =  393° ;  and  if  we  desire  the  pressure,  or  the  alti- 
tude at  the  moment  when  tbe  temperature  has  sunk  to  10°  G.,or  T'  =  283, 
then  we  have  1*  =  0.01715,  »  =  0.00936  kilograms,  r„  =  592.6,  r  =  509.5, 
and  there  results 

log£,  -  0.23660  +  0.100235  .2.'. 
by  means  of  man;  trials,  we  find  from  this, 

£j  =  0.780, 
P' 

or  a  barometric  pressure  of 

0.780  X  760  =  593  millimeters. 
This  for  a  menu  temperature  of  15°  O.  corresponds  to  an  altitude  above 
Nea-level  of  2,105  meters.  The  average  diminution  of  tempemture  of 
ibe  ascending  current  is  therefore  0°.47  0.  per  100  meters.  Using  onr 
table,  page  29,  we  should,  storting  first  with  20°,  have  found  0°.45  0. 
l>er  100  meters,  or  approximately  10°  in  2,200  meters,  therefore  at  a 
jiressore  of  somewhat  less  than  600  millimeters.  Since  now  for  lOO 
ond  600  millimeters,  according  to  the  table,  the  diminution  of  tempera- 
tare  is  0.49  per  100  meters,  therefore  tbe  mean  diminution  is  0.47,  and 
Ibe  eziMSt  elevation  for  a  cooling  of  10°  is  given,  as  atiove,  almost  with- 
out computation. 
If,  however,  we  inquire  with  what  temperature  a  saturated  moist  enr^ 
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rent  of  air  arrives  at  a  given  altitade,  and  this  is  tbe  asnal  question  in 
meteorological  iuvestigatione,  then  we  cannot  me  the  above  eqnatioD, 
becanee  it  already  asaames  a  knowledge  of  the  final  temperatnre ;  ou 
the  other  band,  our  table  gives  at  once  abundantly  sofflcient  informa- 
tioD.  Tbe  initial  temperature  of  the  current  of  air  may,  for  instance,  tio 
Iti'^  O.,  and  the  altitude  to  wbicb  tbe  air  must  riae  =  8,000  Paris  feet 
=  2,600  met«r8.  Tbe  table  first  gives  approximately  tbe  cooling  =  0<>.54 
X  26  =  14.0,  therefore  a  final  temperature  of  —4°.  At  tbe  altitude  of 
2,(iU0  meters  for  —4°,  the  temperature  diminution  is  0.61.  The  mean 
temperature  diminution  is  therefore  0.57  per  100  meters,  and  at  8,000 
Paris  feet,  or  2,600  meters,  tbe  temperature  is  —4^.8  C.  The  error 
that  we  introduce  would  be  quite  unimportant  if  for  sncb  slight 
altitndes  we  only  used  tbe  initial  rate  of  diminution  of  temperatnre. 
While  a  moist  current  of  air  cools  by  only  14<^.8  C,  a  dry  corrent  would 
cool  26°,  and  therefore  show  a  temperature  of  — 16<^  G.  If  now  the 
air  sinks  on  the  other  side  to  its  original  level,  it  is  warmed  by  26°, 
whether  dry  or  moist.  The  temperature  of  tbe  dry  current  of  air  is 
therefore  the  same  ou  both  sides  of  tbe  mountain,  tbat  of  the  moist  cur- 
rent, however,  2i'3.2  C,  that  is  to  say,  by  more  than  10<^  C.  higher  ou 
the  leeside.  Since  the  air  is  only  satarated  with  moisture  at  —4°.8  C, 
it  must  possess  a  great  relative  dryness.  Thas,  as  is  well  known,  is 
explained  the  warmth  and  dryness  of  the  Fohn. 

We  will  now  append  some  general  couclusione  to  the  derivation  of 
tbe  law  according  to  which  a  mass  of  air  changes  ite  temperatnre  when 
tbe  pressure  acting  upon  it,  aud  therefore  its  volume  experience  a  change. 

For  a  moment  imagine  the  attraction  of  the  e-artb  upon  its  atmos- 
phere to  cease,  and  tbe  latter  to  be  a  uniformly  dense  gaseons  envelope, 
having  a  constant  temperature  at  ail  distances  from  the  earth's  surface. 
This  gaseous  envelope  contains  no  aqueous  vapor,  and  the  infinence  of 
every  cosmic  or  telluric  source  of  heat  is  excluded ;  then  let  the  force  of 
gravity  come  into  existence :  the  lower  strata  of  air  are,  by  tbe  weight  of 
the  upper,  compressed  together,  and  the  density  of  tbe  stiata  diminiebes 
with  tbe  altitude,  and,  according  to  Mariotte's  law,  in  a  geometrical  pro- 
gression. The  tempera: are  also  can  now  no  more  remain  tbe  same  at  all 
distances  from  the  earth's  surface,  bat  must  be  highest  in  tbe  lowest 
strata,  which  are  strongest  compressed,  and  must  diminish  upward.  The 
law  of  this  npward  diminution  of  temperatnre  is  expressed  by  the 
equation  of  Poissou,  above  given,  wbicb  presents  the  relation  between 
the  temperature  aud  the  pressure  of  the  gas  to  wbicb  no  beat  is  com- 
municated from  the  exterior,  and  from  wbicb  no  beat  is  abstracted,  and 
we  have  shown,  page  2d,  that  the  anioaut  of  this  diminution  of  tempera- 
tare  is  1°  G.  for  100  meters  difference  of  altitude.  In  tbe  gaseous  enve- 
lopes of  other  celestial  bodies,  a  diminution  of  temperature  outward 
must  take  place  in  a  similar  manner,  which,  so  far  as  it  is  a  function  of 
the  gravitation  toward  the  center  of  tbe  mass,  can  be  computed  ocoord- 
ing  to  one  of  tbe  formulse  given  on  pages  23  and  24.    Tbe  amount  of  tbis 
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diminution  of  temperatnre  depends  therefore  on  tbe  specific  bent  of 
the  gaaeoaa  envelope  and  the  magnitade  of  the  force  of  gravitation  on 
tbe  sDrface  of  Cbe  body  in  qaestion.'' 

The  eqailibrium  of  heat  that  obtains  in  tbe  atmoapbere  nnder  eiich 
a  distribntioD  of  temperatnre  will  best  be  especially  nnderstood  by  tbo 
consequent  deduction,  that  any  mass  of  air  transferred  from  one  altitude 
to  another  will,  in  consequence  of  tbe  compression  or  the  expausioD  that 
it  experiences,  there  attain  exactly  the  temperature  of  the  surrounding 
legiou,  and  will  therefore  have  no  tendency  to  leave  its  new  location. 
This  is  a  state  of  indifferent  eqnilibriam.  If  tbe  diminntion  of  tempera- 
ture were  less  than  1°  C.  per  100  meters  of  ascent,  then  would  the  eqni- 
librium  be  "  stable";  were  it  greater  than  l'^  per  100  meters,  then  would 
the  equilibrium  of  the  superposed  strata  be  "  unstable." 

If  now  we  let  the  sun  aet  as  the  source  of  heat  for  our  atmosphere, 
and  assume  that  tbe  latter  is  perfectly  diathermaoons,  so  that  it  absorbs 
absolutely  no  beat- rays,  nnd  therefore  receives  the  solar  heat  only  through 
ihe  medium  of  the  heated  surface  of  the  earth,  the  stratum  of  air 
directly  resting  upon  the  earth  becomes  heated  by  conduction,  specifi- 
cally lighter,  and  ascends,  a  process  that  is  continually  renewed.  Since 
now,  in  ascending  masses  of  air,  a  cooling  must  take  place  at  tbe  rate  of 
1°  C.  per  100  meters,  therefore  the  already  existiug  law  of  the  dimiuu- 
tion  of  temperature  with  altitude  cannot  be  altered  by  this  method  of 
warming  from  beneath.  The  assumed  premises  are,  however,  only  in 
part  faiailed  in  the  actual  atmosphere,  and  its  heating  talics  place  by 
no  means  in  such  a  simple  manner.  First,  the  atmosphere  is  by  no  means 
perfectly  diathermanous,  but  directly  absorbs  aboat  one-fourth  of  tbe 
solar  heat-rays.  Moreover,  for  the  higher  strata  an  important  source  of 
heat  is  the  aqueous  vapor,  which,  carried  up  with  the  ascending  air  or 
cooled  from  any  other  causes,  condenses  and  gives  its  latent  heat  up  to 
the  air,  and  in  this  way  diminishes  its  cooling.  The  table  on  page  2U 
shows  to  what  a  great  extent  tbe  cooling  of  moist  ascending  air  i» 
retarded.  A  further  [third]  soorce  of  heat  is  the  radiation  from  the 
heated  surface  of  the  earth,  a  considerable  portion  of  which  may  be 
absorbed  io  the  Ion  er  strata.  Inversely,  the  surface  of  the  earth  cooled 
by  radiation  of  heat  at  nigbC  and  in  winter  has  a  cooling  iufiaence  on 
the  lowest  strata  of  air.  All  these  circumstances  bring  it  about  that 
observations  give  a  diminution  of  temperature  with  altitude  varying 
according  to  place  and  time,  and  whioh  cannot  be  expressed  by  any 
law.  Observations  agree  only  in  showing  that  on  tbe  average  in  the 
lowest  strata,  which  alone  are  accessible  to  as,  the  temperature  diminu- 
tion is  considerably  slower  than  J.^^  0.  per  100  meters,  and  that  the  annual 
average  in  the  tropics,  as  in  Europe,  lies  between  0<3.S  and  (i°.6  G.  Tbe 
few  observations  made  by  Qlaisher  above  20,000  feet  give  a  still  slower 
temperature  diminution  at  that  altitude. 

A  temperature  diminution  as  rapid  as  ascending  currents  of  dry  air 
must  show  has  only  been  found  io  summer  time  during  fine  weatlicr. 
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<]t)ite  near  the  eartb's  sarrace.  Glaisber's  observatioiis,  daring  namer- 
oas  balloon  voyages,  gave,  for  the  free  atmosphere,  the  following  ratios 
for  the  diminutioD  of  temperatore  with  altitude  (Beport  of  the  British 
Association,  1864) : 

Diminution  of  Ttmperature  per  100  m«f«rt  in  Cehim  titgrem. 


W«thM. 

O-I 

1-9         ft-3 

a-4 

« 
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ID-IS       I5-M 
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J§ 

0.K 

au 

<).« 

0.39! 
0.40 

This  gives  for  the  snmmer  season,  up  to  an  altitude  of  6,000  English 
feet  (1,500  metersj,  an  average  diminution  of  temperatnre  of  O0.O8O., 
very  neariy  eqaal  to  that  observed  in  the  Alps.  The  observations 
therefore  show  the  mean  coudilion  of  the  atmosphere  to  be  that  of  stable 
equilibrium.  The  dimination  of  temperature  with  elevation  is  slower  iu 
winter  (in  Switzerland  it  is  0.45)  for  two  reasoos;  First,  because  then 
the  earth's  surface  exerts  a  cooling  influence  on  the  lower  strata,  and 
often  so  intense  that  the  temperature  iocreases  upward;  to  a  less 
extent  this  is  also  the  case  at  night.  Secondly,  because  the  coadensa- 
tioo  of  aqueous  vapor  takes  place  during  this  season  most  frequently 
in  the  lower  strata ;  often,  indeed,  at  the  surface  itself  of  the  earth.  But 
of  most  importance  is  the  flrst-nnmed  circnmstance,  for  ou  clear  days 
aud  in  clear  winter  months  the  diminution  of  temperature  with  tbe  alti- 
tude is  slower  than  during  cloudy  weather  or  precipitation.  The  differ- 
ence of  temperature  (80  0.)  between  Geneva  and  St.  Bernard  (difference 
of  altitude  2,070  meters)  is  in  December  less  than  it  wonid  be  in  a  cur- 
rent of  moist  air,  saturated  at  20°  C,  blowing  from  Geneva  to  St  Ber- 
nard. Tbe  slight  difference  of  temperatnre  can  therefore  not  be 
explained  by  means  of  tbe  heat  of  condenoatioo}  it  is  in  by  far  the 
greater  part  to  be  ascribed  to  the  greater  cooling  of  tbe  lower  strata  by 
tbe  eartb's  surface  and  to  the  underflow  of  the  air  cooled  upon  the 
mountains. 

Iu  summer,  tbe  diminution  of  temperature  is  more  rapid,  because 
tben  tbe  heated  surface  of  the  earth  acts  more  powerfully  by  conduction 
and  radiation  upon  tbe  lowest  strata  of  air.  Since  this  stratum  for  the 
same  reason  is  at  this  time  relatively  drier,  wherefore  the  first  conden- 
sation of  vapor  occurs  at  higher  altitudes,  tbe  ascending  air  can  show  a 
diminution  of  temperatnre  nearly  the  same  as  for  dry  air. 

We  ought,  however,  not  to  represent  to  ourselves  the  warming  of  tbe 
atmosphere  from  below  on  calm,  clear  summer  days  as  taking  place  by 
means  of  a  continuous  ascending  current.  Altove  limited  localities, 
Kucb  a  process  certainly  occurs,  and  tbe  cumulus  formations  are  a  proof 
tliereof.  But,  in  general,  the  warming  proceeds  gradually  from  l>elow 
upward,  through  the  rising  of  warmer  and  sinking  of  cooler  air  and 
ttiL'ir  intermixture,  and  the  work  of  one  day  is  continued  on  tbe  ueitt 
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after  the  noctoroal  interroption.  During  tbe  Digbt-time  even  wanner 
strata  can  float  above  tbe  lower  ones,  cooled  at  tbe  snrfaoe  of  the  earth, 
until  tbe  insolation  is  again  active.  In  this  manner,  daring  calm,  clear 
Bommer  weather,  tbe  entire  lower  portion  of  tbe  atinospbere  is  quite 
uniformly  warmed  and  atirred  np. 

If  tbe  ascending  masses  of  air  reach  that  altitude  at  which  their 
temperature  agrees  with  that  of  the  stratum  attained,  then  should  we, 
during  beaatiful  sammer  weather,  observe  a  diminution  of  1*^  C.  per  100 
meters.  This,  however,  is  not  the  case,  and  the  observations  show,  on 
the  contrary,  that,  at  least  in  monntaiDons  countries,  tbe  temperature 
diminishes  with  the  altitade  slower  during  lioe  weather  than  during  ba<l 
weather.  This  has  already  been  proveu  by  Eilintz  from  tbe  temi>eru- 
ture  differences  between  Halle  and  the  Brocken.  In  order  to  attain  a 
better  insight  into  this  relation,  I  have  deduced  the  fullowing numbers: 

An  excellent  monograph  has  been  published  by  Billwiiler  in  Ziirich 
OD  the  thander-storm  of  28tb  July,  1ST2,  in  Northern  Switzerland 
(Scbweiz.  Meteorolog.  Beobachtungeu,  Jabrg,  1872).  It  therefore  seems 
to  me  most  instructive  to  iuveBtigate  tbe  diminution  of  temperature 
with  altitude  for  the  period  immediately  preceding  this  storm.  Up  to 
tbe  ISlhJuly,  tbe  weather  was  cloudy  and  rainy;  tbe  lout  rain  fell  on  tbe 
19tb,  aod  on  the  20th  there  began  a  period  of  beaatiful  hot  summer 
weather,  wbioh  experienced  ita  first  interruption  on  tbe  28tb  by  heavy 
thander^stormB  in  the  afternoon. 
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During  tbe  rainy  period,  therefore,  Ihe  upward  dimination  of  temper- 
ature was  very  large;  on  the  advent  of  clear  hot  summer  weather,  it  be- 
came smaller,  and,  in  fact,  the  diminution  progressetl  quite  regulariy 
from  the  beginning  of  the  fine  weather  to  tbe  outbreak  of  the  thunder- 
storms, for  instance : 
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Tbe  rapid  rate  of  diminntioD  of  temperature  during  the  rainy  period, 
wbitih  was  also  accompanied  by  strong  winds,  Is  a  conseqaenoe  of  tUe 
ascent  of  the  air  on  tbe  flanks  of  the  mountains.  In  tbe  free  atmosphere, 
the  air  at  tbe  same  attitudes  is  certainly  somevbat  warmer  and  tbe  tern- 
peratore  diminution  slower.  I  do  not,  however,  think  that  in  tbe  sub- 
sequent slower  rate  of  diminution  the  radiation  of  heat  from  the  surface 
of  tbe  earth  ezert«d  any  distnrbiog  influence.  Sach  radiation  acts 
upon  tbe  thermometer  more  at  the  lower  than  at  tbe  upper  station,  and 
must  therefore  tend  to  increase  tbe  differences  of  temperature.  It  can, 
however,  not  be  denied  tbut  tbe  true  temperature  of  tbe  air  in  the  neigh- 
borhood of  a  mountain  is  somewhat  higher  than  at  tbe  same  level  in  the 
free  atmosphere.  But  tbe  observations  of  Glaisber  up  to  5,000  feet  ele- 
vation have  given  during  fine  weather  an  average  rate  of  diminuliou  of 
only  0^.67  U.  per  100  meters.  Even  during  the  afteiuoons,  the  diminu- 
tion of  temperature  with  altitude  does  not  reach  the  degree  that  cor- 
responds to  that  of  an  ascending  curreut  of  air. 

Sate  of  Dtntinttlum  of  TwHperature  at  V"  p.  m. 


Jul)-,  im. 

15-19.     SIM*.  1  »t-ar. 

Thoa  it  seems  that  the  warming  of  tbe  lower  strata  of  the  atmospbero 
by  tbe  heated  surface  of  the  earth  takes  place  mostly  by  tbe  gradual 
mixing  of  tbe  lowest  strata  with  tbe  higher,  whereby  the  ascending 
columns  of  air  with  a  slower  movement  gradually  equalize  their  temper- 
ature with  tbat  of  the  surrounding  air  without  reaching  those  altitudes 
to  whicb  a  coutiuually  ascending  current  of  air  of  equal  temperature 
could  attain ;  the  heating  of  the  air  by  the  radiation  from  the  earth's 
surface  must  also  come  into  consideration.  Thus  there  is  formed  a  stra- 
tum pretty  nniformly  beat«d  up  to  a  certain  altitude  above  tbe  earth's 
surface  withiu  which  tbe  diminution  of  temperature  takes  place  slowly, 
but  above  which  it  probably  takes  place  rapidly.  So  long  as  the  dry 
winds  which  bring  clear  weather  blow  strongly,  the  upward  dimioutiou 
of  temperature  is  rapid,  because  the  particles  of  air  warmed  below  must 
attain  their  appropriate  altitude;  but  as  soon  as  tbe  dry  winds  diroioisb, 
and  calms  finally  ensue,  tbe  above  described  overheated  stratum  of  air 
develops  itself  continually  more  and  more,  and  with  it  first  an  indif- 
ferent, then,  finally,  perhaps,  an  unstable  equilibrium  between  this 
and  tbe  higher  strata.  From  the  20th  to  the  28lh  of  July,  1872,  tlie 
warming  from  below  bad  gradually  extended  above  the  level  of  the 
highest  Btatiou  in  Switzerland,  and,  therefore,  before  tbe  outbreak  of 
tbe  thunder  storm  no  unstable  equilibrium  is  demonstrable.  But  oo  tbe 
28tb,  when  tbe  stronger  west  wind  first  prevailed  high  above  Switz«r- 
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land,  the  staguating  overLested  stratam  of  air  coold  no  longer  remain 
io  eqailibrinm,  and  a  stormy  mixtnre  of  the  loner  and  upper  maBses  of 
air,  wbicb  of  coarse  nas  accompanied  with  precipitation  and  thunder 
and  lightning,  precipitated  itself  mostly  from  the  upper  strata  in  special 
localities  downward  to  the  earth's  surface. 

The  oocarrence  of  unstable  equilibrium  in  strata  of  air  lying  vertically 
above  each  other  after  a  period  of  sunny  and  calm  weather  is  facilitated 
by  the  fact  that  the  inflow  of  a  strong  wind  almost  always  first  occurs 
in  the  upper  strata,  whose  temperature  thereby  rapidly  sinks,  while  in 
the  lower  strata,  it  perhaps  still  rises.  Since  the  flow  of  the  air  near  the 
snrface  of  the  earth  is  much  obstructed  and  delnyed  by  fj-ictioo  and  other 
obstacles,  the  cooling  is  completed  more  rapidly  In  the  upper  strata  and 
the  inflowing  colder  air> surrounds  from  above  the  warmer  lower  atratu, 
which  then  must  break  through  with  violence.' 

In  a  sinking  and  warming  current  of  air,  no  condensation  of  aqneous 
vapor  can  take  place,  therefore  in  it  the  increase  of  temperature  of  1°  C. 
per  100  meters,  as  required  by  theory,  must  clear.y  stand  forth.  In  fact, 
the  Fohn  wind  shows  this  rapid  increase  of  temperatnre  between  the 
summit  and  base  of  the  mountains  over  wbicb  it  descends.  In  generul, 
descendiug  masses  of  air  can  have  only  a  warming  effect  upon  the  earth'ij 
Burfiice,  since  their  increase  of  tem[ieratnre  is  more  rapid  than  the  average 
upward  diminution  of  temperature.  If,  for  instance,  in  sommer  the 
strata  in  which  float  the  ice  crystals  of  the  cirrus  clouds  at  altitudes  of 
6,000  to  7,000  meters  had  a  temperature  of  even  —  30°  C,  still  would  tbey 
by  sinking  to  the  earth's  surface  bare  a  temperature  of  +30<^  or  +40°  C. 
Only  in  the  case  of  a  diminution  of  temperature  of  more  than  !<>  G.  per 
100  meters,  which  can,  however,  only  be  local  and  occur  in  summer,  but 
never  in  winter  can  it  happen  that  masses  of  air  descending  from  the 
upper  regions  to  the  earth's  surface  arrive  there  cooler  than  the  air 
that  they  displace.* 

One  of  the  effects  of  descending  currents  of  air  must  consist  in  clear- 
ing Qp  the  sky,  and  dissipating  the  precipitations,  iosttad  of  causing 
them.  Now,  however,  we  still  observe  precipitation  on  the  advent  of  au 
upper  current  of  air  that  slowly  descends  to  the  earth's  surface  and  then 
brings  warmth.  When,  after  clear  weather,  the  increasing  cirrus  clouds 
announce  the  speedy  advent  of  fonl  weather,  one  can  oftfu  enough  clearly 
observe  how  the  layer  of  cirro-stratus  sinks,  and  is  thereby  thickened, 
and  gradually  merges  into  a  rain  cloud.  Often  after  a  hot  summer  day 
I  have  seen  thunder-storms  form  in  this  manner;  the  formation  of  tho 
lower  layer  of  cumalo-stratns  unmistakably  proceeded  fi-om  a  layer  of 
sinkiDg  cirro-BtratuB.  In  this  case,  however,  the  upper  cnrrent  of  air 
coald  be  relatively  so  cold  that  even  after  thinking  it  could  cool  the  lower 
strata.  In  winter,  sncb  an  assomption  would  not  be  allowable;  we  must 
aasame  that  the  upper  warm  current  increases  in  volume,  continaally 
extends  into  deeper  strata  (but  does  not  form  a  descendiug  air-current ), 
and  by  mixing  with  the  lower  strata  produces  a  precipitation  continually 
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increaaiiiK  witb  tbe  depth,  but  still,  as  is  well  koovii,  always  of  slight 
iuteusity;  (tbe  precipitation  on  tbe  east  aide  of  tbe  windrose,  where  the 
polar  carrent  merges  into  the  equatorial). 

At  least,  this  much  is  clear,  that  tbe  view  now  very  prevalent  that  the 
upper  trade-wind  or  the  3W.  carrenta  of  our  hemisphere  briof;  a  luge 
part  of  its  aqneoaa  vapor  from  its  place  of  origin,  tbe  equatorial  calm 
zone,  is  not  tenable.  At  the  low  temperatare  that  it  most  have  in  tbe 
high  region  above  tbe  trade-wind,  it  can,  even  if  saturated,  only  contaia 
so  little  water,  that,  sinking  down  to  tbe  earth  without  the  addition  of 
water  from  below,  it  can  only  arrive  witb  a  great  relative  drynen. 
Thus,  for  iostance,  the  observations  of  Piazzi  Smyth  on  the  Peak  of 
TeneriSe,  at  tbe  lower  limit  of  tbe  return  trades,  at  an  altitude  of  326-|- 
meters,  gave  the  average  tension  of  vapor  for  August  and  Septwnber 
ftt  i  millimeters,  therefore  a  dew-point  of  —2°  0,  This  current  could 
therefore  first  produce  a  precipitation  in  regions  whose  temperature  luv 
below  —2°G.,  and  therefore  it  is  impossible  that  our  summer  and 
autumn  rains  come  from  this  source.  Karl  v.  Fritsch  confirms  tbe  sligbt 
amount  of  moisture  in  the  anti-trades  upon  tbe  Peak  of  Teneriffe,  and 
says  that  the  higher  SW.  wind  has  a  cooling,  not  a  warmiog,  effect" 
(probably  on  account  of  its  greater  violence).  Mubry  imagines  the 
water  contained  in  the  anti-trade  to  be  in  tbe  soliil  tbrm  of  tbe  ioe 
spiculie  of  the  cirrus  clouds,  and,  indeed,  the  upper  SW.  cnrrent  ooDld 
carry  witb  it  some  water  in  solid  form.  But  if  tbe  material  for  tbe 
abundant  precipitation  of  our  SW.  and  W.  winds  comes  in  this  manaet 
from  tbe  zone  of  calms,  or  from  any  part  of  the  tropical  zone,  then  tbe 
upper  west  current  above  the  zone  of  trade-winds  must  cover  the  sky 
witb  a  thick  dark  cirro-stratus  layer,  while  to  the  contru-y  tbe  zones  of 
trade-winds  are  tbe  clearest  regions  of  tbe  earth. 

Therefore  tbe  rains  of  tbe  anti-trades  and  of  tbe  west  winds  of  highn 
latitudes  do  not  originate  in  tbe  tropics,  but  the  anti-trade  receives  ite 
moisture  anew  first  from  below,  and  can  take  up  much  water  siuce  it  ie 
warmed  by  descending,  and  can  again  condense  it  so  soon  as  it  is  cooled 
iu  its  horizontal  progress  or  by  ascent  upon  mountains. 

If  no  aqueous  vapor  could  condense  in  asceuding  masses  of  air,  then 
must  their  ascensive  power  be  ra|ii<Ily  paralyzed,  since  tbe  cooling  of  tbe 
ascending  air  is  much  more  rapid  than  tbe  usual  upward  diminution  of 
temperature.  Therefore  dry  ascending  air-currents  could  only  under 
rare,  specially  favorable  circumstances  attain  to  great  altitudes.  So  soon, 
however,  as  vapor  is  condensed,  tbe  temperature  dirainutJoa  of  the 
ascending  air  is  so  delayed  that  its  ascensive  power  becomes  very  |»ow- 
erful,  and  since  thereby  again  the  intensity  of  the  precipitiitioo  iocreasep, 
the  upward  impulse  remains  in  power  until  tbe  aqueous  vapor  has  nearly 
exhausted  itself.  Since  now  the  diminishing  pressure  of  the  air  partl,v 
compensates  tbe  diminution  of  the  quantity  of  vapor  (see  table,  page  29), 
therefore  the  buoyancy  diminishes  only  slowly,  Tbe  ascent  of  the  damp 
air  is  finely  displayed  iu  the  rapid  growth  of  tbe  cumulus  clouds,  whicb 
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ofteD  rise  like  colamns  in  the  bine  sky  of  Bammer,  aod  plainly  grow  out- 
vard  from  tbe  iuterior.  The  warmer  the  air,  or  the  higher  the  tem- 
perature at  which  it  is  saturated  with  vapor,  by  so  much  the  greater  is 
the  upward  impnltie  it  ezperieuces  on  the  occarreoce  of  precipitation. 
Therefore  the  precipitations  of  the  ascending  currents  in  summer,  anil 
especially  in  most  tropical  climates,  occur  under  the  most  favorable  cir> 
cnmstsnces.  When,  daring  calm,  sanny  weather,  the  above-described 
overheating  of  the  lower  strata  of  air,  which  is  always  accompanied  by 
abandance  of  aqueous  vapor,  has  been  brought  about,  and  there  arises, 
if  only  in  the  highest  strata,  a  disturbance  of  the  equilibrium  already 
stretched  to  its  utmost  limit,  and  thereby  a  small  initial  condensation 
of  the  vai>or,  the  air  immediately  receives  a  strong  upward  impulse,  and 
draws  the  lower  strata  rapidly  with  it  in  motion.  Hence  the  nnmerous 
thoDder-atorms  in  calm,  hot  summer  weather,  aud  in  the  tropics  on  the 
cessation  of  the  regular  trade-wind.  These  thnuder-storms  do  not  iodi- 
oate  a  change  in  the  weather:  they  only  restore  the  equilibrium  of  the 
atmosphere  disturbed  in  a  vertical  direction.  The  lower  atmospheric 
strata  are  cooled  by  evaporation  and  by  the  cooler  rain  water;  the  upper 
ore  warmed,  and  thus  the  equilibrium  becomes  again  stable. 

The  formation  of  hail  is,  as  Beye  has  shown,  most  easily  explained 
by  saeh  asoendtng  moist  currents  of  air.  The  occurrence  of  hail  in  the 
hottest  time  of  the  day  and  the  year  and  the  prevailing  oalma  point 
directly  to  the  superheating  of  the  lower  strata  as  their  immediate 
canee.  But  the  chief  difflonlty  consists  in  the  question,  Whence  comes 
the  cold  that  is  oecessary  for  fVeezing  the  precipitation,  and  bow  can  it 
he  doe  t»  the  high  temperature  of  the  lower  strata  of  airt  Mohr 
assumes  a  descent  of  higher  cold  air.  We  have  previously  shown  how 
seldom  this  process  can  occnr,  and  that  it  can  produce  no  considerable 
cooling,  because  the  air  is  greatly  warmed  in  its  descent.  Most  natoral 
is  it  to  assume  with  Beye,  inversely,  that  the  lower,  moist,  hot  air  is  rap- 
idly carried  upward.  We  have  previously  explained  that  on  the  occa- 
sion of  irmption  of  cold  winds  the  upper  strata  rush  ahead  of  the  tower, 
so  that  the  stagnaUng  lower,  hot,  moist  air  is  eqnally  sarronnded  by  the 
upper  cold  air.  The  former  thereby  acquires  an  especially  strong  up- 
ward impulse,  which  is  increased  by  the  intense  condensation,  so  that 
it  must  soon  arrive  at  altitudes  where  the  precipitation  freezes.  This 
explains  the  fall  of  hail  on  the  advancing  side  of  a  thunder-storm  or 
toraado;  its  recorrence  in  bands;  its  dependence  upon  local  pecnliari- 
ties  (broad  river  valleys  are  more  intensely  warmed,  and  have  no  equal- 
tziog  currents  of  air,  such  as  in  narrow  mountain  valleys;  therefore 
hail  is  more  ftvqnent  in  the  former,  as  has,  for  instance,  i>eeD  demon- 
strated for  Carinthia  by  Prettner);  the  descent,  by  way  of  compensa- 
tion, of  the  cooled  air ;  finally,  the  maximnm  of  hail  in  early  summer, 
at  which  time  the  opward  diminution  of  temperature  is  most  rapid,  and 
tbe  greatest  difference  of  temperature  exists  between  the  earth's  sa^ 
face,  warmed  by  the  high  sun,  and  the  npper  strata  of  air,  that  still 
retain  their  winter  cold.  i  CnOO<^^lc 
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Since  moist  air,  bo  soon  as  precipitatton  occurs  therein,  moat  slmost 
always  experience  an  impnlse  npward,  because  tbe  upward  diminotiou 
of  temperatnre  is  seldom  so  slow  as  to  correspond  to  that  of  an  ascend- 
ing moist  cnrreut  of  air,  therefore  it  seems  to  me  that  in  all  precipita- 
tions the  ascending  movement  of  tbe  air  plays  an  important  part  and 
increases  its  intensity.  When  a  cooler  air-current  begins  to  flow  over 
n'nrmer  air,  there  first  occurs  at  the  surface  of  contact  a  slight  precipi- 
tation, above  which  then  tbe  air  breaks  with  strong  ascensive  power 
npward  into  the  npper  cold  air,  in  conseqnence  of  tbe  coutinually 
increasing  difference  of  temperature,  and  thereby  loses  atmost  the 
whole  of  its  aqueous  contents.  On  the  other  hand,  if  a  warmer  current 
dows  above  a  cold  one,  this  process  mnst  be  feebler;  and  therefore  tbe 
precipitations  are  less  intenae  wheu  warmer  air  approaches. 

Since  the  effect  of  tbe  precipitations  of  the  rising  moist  air  ia  to  ele- 
vate tbe  temperature  of  the  npper  strata,  but  to  lower  that  of  the  lower 
strata,  it  follows  that  a  barometer  at  the  earth's  surface  cau  remain 
quite  unaffected  by  this  re-establishmeut  of  the  eqnillb^fllm  in  a  vertical 
direction  of  tbe  temperature;  but  at  a  certain  altitude,  the  barometer 
mnst,  before  the  rain,  stand  higher  than  afterward.  The  diminution 
of  pressure  caused  by  tbe  atmtraction  of  the  elastic  force  of  the  aqueous 
vDpor  is  compensated  by  tbe  iuflowing  air  of  tbe  neighborhood.  In  ex- 
tended rains,  a  relatively  warmer  air  collects  above  tbe  raiu-cloads,  but 
an  active  ascension  of  this  air  can  only  lake  place  at  the  edges,  where 
the  difference  of  temperature  produces  a  strong  upward  impnlse,  and 
the  cooler  air  of  the  neighborhood  can  rapidly  flow  iu  after.  Also,  in 
the  case  of  a  condensation  of  vapor  over  an  extended  area,  tbe  barome- 
ter will  sink  somewhat  only  iu  the  central  portions.  We  have  no  ob- 
servations of  this,  because  any  sucb  precipitation  mast  immediately 
produce  currents  of  air  from  the  sides  inward;  but  with  the  accession 
of  cooler  air,  tbe  warming  of  tbe  higher  strata  is  again  compensated, 
and  the  barometer  will  rather  rise  than  sink.  Tbe  causal  relation 
between  tbe  precipitations  and  tbe  origin  and  tbe  progress  of  storms 
can  therefore  only  consist  in  this,  that  the  condensation  of  aqueous 
vapor  gives  tbe  air  a  more  or  less  decided  upward  impulse,"  and 
thereby  produces  and  continually  maintains  a  flow  of  air  from  all  sides 
toward  tbe  rain-clond.  But  so  long  as  no  whirl  is  produced  thereby, 
this  process  causes  no  notable  change  in  atmospheric  pressure  in  the 
horizontal  strata  of  air.  Therefore  the  heaviest  rainfalU  are,  in  the 
equatorial  zone,  accompanied  by  no  low  barometer,  nor  in  onr  latitudes 
either,  so  long  as  the  causes  leading  to  tbe  formation  of  a  whirlwind  are 
wanting.  The  pressure  sinks  decidedly  only  when  an  extended  whirl 
lias  formed,  in  whose  center  protmbly  tbe  air  is  rising  with  increased 
violence.  I  therefore  believe  the  diminution  of  pressure  in  the  center 
of  a  storm-area  to  be  a  mechanical  effect  of  the  whirling  movement  of 
tbe  air.  This  whirl,  however,  continually  receives  new  force,  and  is  con- 
trolled by  tbe  process  of  precipitation.    I  therefore  agree  with  Ileye 
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wbeD  be  says  that  in  the  whirl  viuda  the  moviog  force  is  the  latent  heat 
of  the  condensed  aqneons  vapor.* 

The  resalts  of  the  investigations  of  Ley  and  Blanford  into  the  origia 
of  wbirlwiods  agree,  as  I  believe,  entirely  with  the  preceding  presenta- 
tion of  the  case,  that  the  barometric  iniDimnm  at  the  center  of  a  cyclono 
is  primarily  a  consequence  of  the  whirling  movement  of  the  air;  for  it 
does  not  happen  that  in  cooseqaence  of  extended  heavy  precipitations 
a  decided  barometric  depression  forms  over  a  region  abont  which  then 
the  air  begins  to  circalate,  bnt  it  is  only  after  the  whirl  is  well  devel- 
oped that  an  area  of  low  pressore  forms,  whiob  then  progresses  further. 
From  the  weather  prevailing  over  the  Bay  of  Bengal  previous  to  tbe 
Calcutta  cyc'one  of  18G7,  Blanford  has  drawn  tbe  conclusion  that  the 
cyclones  originate  in  a  region  of  calms  and  variable  winds  between  the 
northeast  monsoon  and  the  retreating  southwest  monsoon.  Their  pri- 
mary canse  consists  in  local  accumnlations  and  condensations  of  aqneons 
vapor  in  a  calm  region  above  tbe  ocean.  Many  days  elapse  before  tbe 
whirlwind  has  developed  itself  (Proceedings  of  the  Boyal  Society,  18G9). 
Similar  are  the  conclnsions  of  Ley  as  to  tbe  origin  of  whirlwinds  in 
England.^' 

There  still  remains  unexplained,  so  far  as  I  can  see,  the  cause  which 
determines  the  different  intensities  of  the  barometric  minima  in  the 
centers  of  storms  in  tbe  tropics  and  in  our  lalitudes  in  tbe  summer  and 
winter.  If  tbe  intensity  of  the  precipitation  determined  this,  then  would 
the  barometric  minima  of  the  summer  exceed  those  of  the  winter,"  but  it 
seems  more  promising  to  seek  for  the  canse  of  tbe  greater  intensity  of  the 
barometric  depressions  in  winter  in  tbe  greater  difTerences  of  temperature. 
Tbe  air  over  tbe  warm  Atlantic  Ocean,  strongly  warmed  by  frequent 
precipitations,  is  then  bounded  on  both  sides  by  verycold  dry  air.  This 
must  give  rise  to  decided  disturbances  of  equilibrium  and  to  storms; 
bnt,  on  the  other  hand,  in  tbe  tropical  cyclones  tbe  temperatnre  differ- 
ences can  hare  no  relation  to  the  intensity  of  tbe  storm. 

That  in  tbe  condensation  of  aqueous  vapor  in  winter  the  latent 
boat  of  fluidity  is,  in  tbe  case  of  the  freezing  of  water,  to  be  added  to  tbe 
latent  heat  of  vaporization,  can  only  make  a  slight  difference,  because 
the  former  amoonts  to  only  a  little  over  one-eighth  of  the  latter  (see 
page  29).  Tbe  ratio  of  tbe  liberated  beat  at  15°  C.  to  that  at  — S° 
C.  is  as  696  to  690  or  as  1  is  to  1.16.  Herein,  therefore,  tbe  expla- 
nation cannot  lie,  ns  Espy,  and  in  part  also  Beye,  assumes.  Bather 
could  we  think  that  the  circumstance  that  in  winter  the  condensation 
takes  place  in  lower,  denser  strata  of  air,  and  at  lower  temperatures, 
sfaonltl  increase  the  upward  tendency.  In  fact,  this  must  be  tbe  case, 
bat,  as  a  simple  computation  shows,  tbe  buoyancy  of  a  mass  of  air  is, 
for  the  same  temperature  differences,  only  about  one-flftb  smaller  when 
the  pressure  is  600  millimeters  instead  of  760  millimeters,  and  only 

[*  Note  dy  tbg  TltANSi^ATOR. — Tbis  Ibeoiem  will  al«i>  be  foaod  accepMd  by  Ferrel : 
Matliemalicat  UmtUt,  ii,  1858.] 
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abont  ODe-t«DtU  smaller  when  Bach  temperatare  ditCt'retices  occur  ut 
15°  G.  instead  of  0°  C.  Even  ir  we  consider  also  the  greater  lateat  heat, 
this  Btill  does  not:  compeDBate  for  the  differences  in  the  inteositiea  of 
precipitation,  and  anfflces  not  for  an  ezplanatloa  of  the  whole  of  the  dif- 
ference of  the  barometric  depressions  of  the  summer  and  wintw,  so  long 
as  we  consider  the  intensities  of  the  whirlwinds  proportional  to  the 
intensities  of  the  presipitations. 


NOTES. 

Ho.  l,p.3-2.   SeeZeit  Oeat.  Q«eeU.,Tol.  I,  p.  573.  .TbeSlrooooaof  theSoatbern  Alpt. 

No.  3,  p.  23.  For  those  of  oni  reBflers  to  whom  this  tmportiiDt  equation  seems  strange, 
and  who  have  neither  time  uoi  Inolinatlon  to  look  np  its  demonstration  as  derived 
from  the  lundameotal  ptiDoiplea  of  the  meehaDieal  theory  of  he«t  in  tbo  trratiaea  of 
Clanains  or  the  teit-book  of  Zenner,  we  wilt  endeavor  to  givo  In  the  following  aa  sim- 
ple demonstration  as  possible. 

A  Diusa  of  air,  aa  is  well  known,  needs  a  smelter  qaantit;  of  heat  to  raise  ita  teoi- 
peratnre  bj  V  when  we  prevent  its  expansion  than  when  it  is  allowed  to  expand.  We 
will  denote  by  c,  the  quantity  of  heat  which  a  kilogram  of  air  requires  in  the  firat 
case,  that  is,  when  the  volame  v  is  constant;  and  by  e,  the  qaantity  required  in  the 
second  caae,  when  the  preasnreji  remains  constant,  and  eqnal  to  that  of  tfae  exterior. 

The  diflentnce  between  «,  and  e,  the  latter  being  the  greater,  arisea  from  the  &ct 
that  in  the  case  of  eipansion  by  heat  there  is  also  exterior  work  performed,  which  oou- 
sihta  in  the  pushing  bacli  of  the  exterior  presSDreji  through  the  small  space  dv,  which 
is  the  extent  of  the  expansion. 

Tbe  amount  of  this  work  ie  pir,  and  the  qaantity  of  heat  which  is  thereby  con- 
sumed is  i.pAt,  where  i=s-i-  is  tbeeqnivalent  of  heat  fortbennit  of  work.  Con- 
seqnentl;  tbe  qaantity  of  heat  dQ  which  ii  commnnicated  to  the  mass  of  air  is 
divided  Into  two  parte;  the  one  la  the  equivalent  of  the  inoreiise  of  temperatare  of  the 
kilogram  of  air,  the  other  is  the  equivalent  of  the  work  of  expansion,  oa  la  expreasni 
in  the  following  equatiuu  : 

dQ^Cit  +  lpdv. 
The  combined  law  of  Mariotte  and  Oay  Lussoc  reada,  as  is  well  known, 
pe    __pV_ 

wherea  =  0.003665  =  ^  la  tbe  coefficient  of  expondon  of  the  air.  If  we  divide  tbe 
denominators  ef  both  members  by  a;  put  T=S73  +  t,  and  for  the  caae  when  fsO 
pnt£=^^,  we  obtain  tbe  simplest  form  of  tbia  law  ia  tiie  azpnasion  pv^BT, 
wbenoe  fbUows 

pdv  +  vdp  =  Rdt, 

pdBs=Rdl~edp; 


Aocording  to  what  has  been  above  said,  tbe  difference  <^  —  e*  la  eqaaJ  to  the  qaantity 
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□  (a  c)  of  theair  for  an  elevation  of  1°  of  temperatare ; 

=  1     !^=5 


Since,  however, 


nod  for  Cf  geoerall;  e  is  written,  tbere  results  the  important  eqnation  given  in  th« 
text 

No.  3,  p.  23.  So  far  as  the  change  of  the  intensit;  of  gravity  with  altitude  can  Iw 
neglected,  J  ie,  Indeed,  an  abaolate  constant ;  but  the  nnit  of  weight,  the  kilogram 
with  which  we  meaanre  J,  needs  a  correation  for  gravity. 

No.  4,  p.  24.    The  weight  P  of  dry  air  in  a  cabic  meter  is 


where  So  ie  the  specific  gravity  of  the  air,  b  is  the  barometric  pressare,  « is  the  teneion 
o[  vapor.    The  weight  of  the  aqneons  vapor  is 


The  sam  of  both  weights  gives  the  weight  of  a  cubic  meter  of  moiet  air : 

^^      TtiO        l+ol 
The  volume  of  the  unit's  weight  (kilogram)  of  this  air  is  therefore-^-—..    And  since 
in  the  nnit  of  voln me  (a  cubic  meter)  there  are  contained  j>  kilograms  of  aqneons  vapor, 
therefore  in  the  volame  oocnpied  by  a  kilogram  of  moist  air  there  is  contained 

~  kilograms  of  aqoeoos  vapor. 

No.  5,  p.  39.  Zenner,  in  the  second  edition  of  his  "  Orund^Uge  der  mechanischen 
WSrmetheorie,"  gives  a  table  of  the  valaes  of  ^  .  i  (Table  I  o,  column  5)  for  each  5P, 

and  computed  by  Regnaalt's  fononla.  For  the  temperatores  that  we  here  have  to  do 
with,  the  formnla  of  Magnos  agrees  completely  with  that  of  Regnanlt,  but  the  latter 
gives  a  complicated  and  inconvenient  expression  for  our  quotient. 

No.  6,  p.  30.  I  have  given  a  slightly  different  form  to  this  eqnation,  and  have 
introduced  the  constants  used  throughout  this  essay.  I  consider  it  unnecessary  to 
give  the  process  of  deduction  of  this  formula,  since  the  worli  of  Reye.  "UeberdleWir- 
belst^rme,"  is  easily  aooessible  to  every  reader,  which  is  not  tme  of  the  treatises  of 
William  Thomson  and  Pesliu. 

No.  7,  p.  32.  This  conclusion  is  limited  by  the  limit  of  applicability  of  the  Mariott« 
law  at  high  and  low  pressures.  Since  by  the  recent  investigations  of  Liljeatrum  and 
others  it  is  made  }>robable  that  the  Mariotte  law  loses  its  rigid  exactness  at  low  prees- 
nrcs,  it  follows  that  we  ought  not  to  apply  to  very  low  pressnres  any  formnla  that  is 
founded  upon  it.  All  theoretical  conclusions  as  to  the  height  of  the  atmosphere  and 
2'"  ,     Go(K-lc 
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tbe  temperature  of  tbe  nppor  strata  must  for  the  preeent  be  soppresaed  until  the  be- 
hftvior  of  gases  andei  very  low  preasoro  has  been  aufflcieotly  stadied. 

Moreover,  in  any  case,  we  muat  introdnce  into  the  above-mentioDed  formula  tbe 
coirectioQ  for  variation  of  gravity,  if  we  would  extend  ila  appljcatioo  to  great  di»- 
tancea  from  the  earth's  snrfaoe.  We  thus  find  a  rate  of  dimiantioa  of  temperatan 
outward  coutionaUy  slower  and  slower,  which,  like  the  attraction  of  the  eortb, 
approaches  tbe  limiting  value  ten. 

No.  8,  p.  36.  I  bave  observed,  in  the  caee  of  tbe  tbundorstorms  approachiug  Eremii- 
inilDeter  from  tbe  west,  that  tbelr  violence  was  almost  alwa; s  lees ;  indeed,  thej  gen- 
erallf  did  not  oome  to  a  diaobarge  [of  ligbtningf]  if  the  atorm  began  before  tbe  oload 
was  Dear  tbe  zenitb. 

No.  9,  p.  36.  We  do  not  here  conalder  tbe  deaceuding  winds  in  valleya  between 
monntaine,  which,  indeed,  owe  tbelr  orl^n  to  great  differences  of  tempeistnre. 

No.  10,  p.  37.    Petermann's  Oeog.  Mitth.,  1866,  p.  320. 

No,  II,  p.  39.  To  avoid  tbe  mistake  that  we  have  previously  shown  to  be  very 
widespread,  we  should  not  say  "  the  condensation  warms  the  air,"  but  "  it  diminiBhes 
the  cooling."  The  latent  beat  will  not  be  liberated  without  a  cooling  takes  place; 
nor  can  it  ever  be  snfflcient  to  even  conipensat«  for  the  cooling  Cnnob  leea  to  ovec- 
oompensate  and  warm  up  tbe  air]  to  a  sensibly  bisber  temperature. 

No.  \2,  p.  40.  Also  what  Jahacke  says  upon  tbe  weather  preoediug  tbe  West  India 
hurricanes  agrees  theiewitb.    (Quarterly  Joaroal  of  the  Met.  Soc.,  vol.  ii,  p.  89.) 

No.  13,  p.  40.  Also  tbe  summer  season  has  extended  precipitation  a  of  similar  great 
Intenaity.  I  recall,  for  inatanee,  the  uninterruptedly  rainy  period  of  Angnst  15  to  19 
of  tbia  year  (1874),  whose  extent  and  intenaity  oanaed  the  extraordinaiy  flooda  In  all 
tbe  riversof  Central  Europe.  A  barometric  minimnn)  preceded  this.  Doring  tbenio 
the  pressure  roeo. 


THE  LAW  OP  THE  VAKIATIOS  OF   TEMPERATUEE  IN 
ASCENDING  MOIST  CUERENTS  OF  AIE. 

Letter  of  Prof.  Dr.  L.  Sohncke,  of  CarUTuke. 
(Tnoatkied  b;  Clerelud  Abbe  from  tbe  Z«it«brilt  fUr  MeL,  1ST5,I,  pp.JG-58.] 

By  your  memoir  ou  asceaditig  currents  of  air,  &c.,  pablisbed  in  tbe 
Zeilscbrirt  for  last  October  and  November,  you  have,  as  it  seems  to 
me,  reodered  a  great  service  to  the  frieoda  of  a  geoaioe  scientific 
meteorology.  Sir  Wm.  TbooiBon's  and  Pesliu's  labors  on  tbis  sobject 
appear  to  have  been  known  to  a  very  limited  extent.  Tbey  were 
unknown  to  mtj,  and  are  not  even  accessible  to  me  bere  in  Oarlsmbe. 
Especially  important  is  your  development  of  Peslin's  formula  for  the 
diminution  of  temperature  in  tbe  ascent  of  a  saturated  current  of  air, 
for  tbe  table,  page  29,  has  a  fundamental  importance  in  all  questions 
bearing  on  tbis  point.  Under  these  circumstances,  it  seems  proper  tfaat 
I  should  call  your  attention  to  a  mistake  which  has  slipped  into  the 
computation  of  the  table,  atfecting  tbe  last  decimal  of  many  of  the  nam- 

bers  therein.    On  page  28  yoo  say,  let  -  beaconstant,Bince/)  =  i>^, 

Go.wlc 
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&0.,  altboogh  it  follows  from  the  law  of  Mariotte  and  Gay  Lnssac  that 

P  1 

-  has  the  value  -rrjr  aa  yoa  yourself*  have  Dsed  it,  page  ?3. 

Farthermore,  iu  the  dedactiou  of  the  formula  of  reslin,  the  approxi- 
mate value  of  a,  0.C23  ^ ,  is  used,  n-hereas  the  introdnction  of  its  true 

J* 
Tslne  offers  no  difficulty.    Considering  these  two  circumstaDces,  the 

expression  for  ^  receives  a  somewhat  different  form,  which  I  will  heie 

dednce. 
In  the  eqnatioD  that  applies  to  a  change  of  condition  of  any  gas, 

dQ=cdt-^.-J, 

the  left-hand  side  is  0  if  dry  air  changes  its  condition  without  addition 
or  BnbtractioD  of  beat.  Bnt  if  it  is  moist  saturated  sir  that  ascends 
without  receiving  heat  from  the  ontside,  then  we  can  use  the  preceding 
equation  by  putting  for  dQ,  not  0,  but  that  beat  which  is  liberated  by 
the  condensation  of  the  eleoieutary  quantity  dq  of  aqueoas  vapor.  Let 
the  Bpeci&o  heat  of  moist  air  be  & ;  for  moist  air  the  constant  B  can  very 
approximately  retain  unchanged  its  former  value  29.3;  the  equation 
then  becomes 

^  -rdq  =  &dt--j-.-^ 

The  left-band  member  has  the  minns  sign,  because  it  represents  a 
positive  quantity  of  heat,  and  dq  is  a  negative  quantity,  namely,  the 
diminntion  of  the  quantity  of  vapor  there  present.  To  this  we  add 
the  equation 

(2)  dp  =  p.  dh, 

which  expresses  the  dimiunCion  of  pressure  with  altitude.  In  case  that 
the  ascent  of  a  moist  cnrrent  In  dry  air  is  considered,  then  for  />  the 
specific  graWty  of  dry  air  is  to  be  taken,  since  in  a  narrow,  slightly 
rotating  current  the  pressure  can  differ  only  extremely  little  firom  the 
pressure  at  equal  altitude  outside. 

Since  now 


*  I  bave,  in  foci,  od  page  3(^,  pnt 

p  ~ii~f„ ~  1W.3  X  273 ' 
-wbereaa  it  sboQld  hnve  been 

1 
5>9Jx(i;73-f  ()' 
where  t  ia  tb«  temperature  in  Celsioe  degrees.    Since,  however,  tie  ftlwKya  Muftll  in 
vompuieoD  with  273,  this  uenmptioD  of  Tg,  instead  of  T,  tiM  only  ■  votf  slight  influ- 
ence npon  thereenlt.    Tbe  iDtrodnction  of  an  epptoximate  Talae  for  g  materially  sim- 
pUfles  the  nnmerical  oompatationa. — J.  Hakn, 
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there  follows,  from  equation  2, 

p 

Farther,  tbe  qaantity  of  vapor  q  present  in  one  kilogram  of  saturated 
air,  or 

O.023- 


1-0,377: 


givea  tbe  equation 


'       f  l_0.377l 

de      dp 


w 


1—  0.377- 
P 


1  -  0.377  -" 
P 

By  means  of  equatioos  (3)  and  (4),  equation  (1)  now  becomes 

—  rq      /l     «?e  ,.  .    dh\       .  ,,  ,  dk 

p 

whence — 

/        1  -  0.377  -  \ 

dt  ]  J  +KT         ( 

^'  dh~      )  ./,      „.,-,e\  1   del'- 

This  formula  differs  from  jrours  iu  the  iutroiIuctioD  of  -^ip  instead 

of  J  and  also  by  the  occurreuce  of  the  factorf  1  —  0.377  r  )  in  hoth  the 

nnnaerator  and  deDominator.    If,  according  to  this  formula,  we  com- 

pnte^  for  the  case  r^^gQ„^\  we  find  ^  =  —  0.00534,  whereas 

your  table  gives  —  0.0054. 

In  case  the  problem  coDceros  the  ascent,  not  of  a  narrow  current,  but 
of  a  great  mass  of  air,  it  is  questionable  whether  it  is  not  more  correct 
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to  aabstitate  for  the  density  p  in  equation  (2),  vbich  determines  tbe 
diminatioD  of  preBsare  witb  altitade,  tbe  Bpectflc  gravity  of  moiBt  air,  or 


•'=A-0 -»•"'!)■ 


vherep  ia  expressed  in  kilograms  per  square  meter.  By  this  step,  the 
only  cbange  Id  tbe  preceding  equation  is  that  Ah.  everywhere  receives 
the  additional  factor  ( 1  —  0.377  -  )■  Therefore  in  this  case  tbe  dimi- 
ontioD  of  temperatnre  is  that  given  by  equation  (I)  multiplied  by  the 
same  factor,  or, 


(S)=S('-»-3"0- 


The  iotroductioD  of  the  specific  gravity  p'  of  moist  air  instead  of  dry 
in  this  case  is  analogona  with  tbe  consideration  of  tbe  moisture  of  tbe 
air  in  barometric  hypaometry,  and  means  the  ascent  of  moist  air  in  the 
midst  of  air  equally  moist,  providing  that  noder  these  circamstances  an 
ascent  on  a  large  scale  actually  occurs. 

Id  the  preceding  example  r^-gp„„\  we  find  by  formula  (II) 
(*)= -0.00632, 
or  scarcely  an  appreciably  different  result. 


RAINFALL  AND  BAEOMETKIO  MINIMA. 
Br  Prof.  Dr.  Thko.  Bbyb. 

(TraiuUtvd  by  Ctsveland  Abbe  from  Ibe  ZelUcbfUt  d.  OeM.  GsmU.  UeteaRllogl^  ISIS,  i,  p.  0-70.1 

From  one  of  tbp  recent  memoirs  of  Dr.  Hanu  I  perceive,  to  my  delight, 
that  in  tbe  most  important  points  our  views  as  to  the  cause  of  wbirlwinds 
already  agree.  [Hann's  memoir  was  written  in  December,  1874,  before 
(he  publicatiou  of  his  review  of  FerrePs  theories.]  We  both  recognize 
the  latent  heat  of  the  condensed  vapor  as  tbe  moving  force  in  whirl- 
winds; this  gives  to  tbe  air  a  stronger  or  weaker  asceusive  force,  and 
thereby  causes  a  continuous  indow  of  air  toward  the  rain-cloud.  In 
general,  I  agree  with  what  Hann  says:  "The  atmospheric  pressure  sinks 
first  when  an  extended  whirl  has  formed  in  whose  center  the  air  proba- 
bly is  rising  witb  increased  vehemence."     For  I  also  am  persuaded^ 

[Note  bt  thb  Translator,— As  tliere  is  freqnently  mncb  oonfaaion  of  ideu  h  to 
the  pMt  played  by  kqaeouB  vapor  in  Btortns,  tbe  tranalator  hopc«  to  coDtribote  tome- 
what  toward  clearer  viens  by  adding  to  the  present  collection  this  paper  of  Keye's  with 
Hann'a  foot-notes.] 

'  Bee  my  "  WirbelatUrme,"  page  138. 
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tbat  the  rotatory  motioa  cODtribates  cousiderably  to  the  increase  of  the 
central  depresaion,  and  that  only  tUrongh  it  does  the  daratioo  or  the 
barometric  minima,  often  for  weeks,  become  possible ;  and  in  my  opinion 
the  fact  that  no  cyclone  has  ever  yet  been  observed  in  the  neighbor- 
hood of  the  equator  finds  an  eqaally  simple  and  safScient  explanation 
in  the  absence  of  any  motive  toward  a  rotatory  movement 

Only  in  one  not  unimportant  point  do  our  views  Btill  differ.  I  think:* 
"  The  ascending  current  of  air  can  only  continue  so  loug  as  its  tempera- 
ture, in  consequence  of  the  liberated  latent  heat  of  the  vapor,  exceeds 
on  the  average  that  of  the  neighboring  air-strata.  Bnt,  on  account  of 
this  higher  temperature,  the  pressure  under  the  ascending  current  must 
be  less  than  that  oo  the  borders  of  the  cyclone."  On  the  other  hand, 
Hano  says:  *'Tbe  coudensatiou  of  the  atmospherie  aqueous  vapor  has 
no  sensible  influence  on  the  change  of  atmospheric  pressure ;  the  low 
barometer  in  the  storm-center  can,  therefore,  not  be  explained  by  pre- 
cipitation." Mobn's  theory  of  the  advance  of  cyclones  toward  tbeit 
rainiest  side  is  therefore  reliable  or  not,  according  as  mine  or  Haun's 
view  is  correct.' 

Haon  establishes  his  principle  chiefly  upon  bis  reduction  of  146  heavy 
rainfalls  in  Batavia,  that  are  recorded  in  the  three-years'  hourly  obser- 
vations of  Dr.  Bergsma.  The  barometer  rose  at  the  commencement, 
and  during  the  first  two  hours  of  the  rainfall,  on  an  average  about  0.35 
millimeter,  bnt  fell  again  about  0.1  millimeter  within  the  two  hours 
following  the  rain,  and  therefore,  after  the  rain,  stood  always  0.35  milli- 
meter higher  than  before  it.  "This  slight  iocre^ase  of  pressare,"  Hann 
very  correctly  thinks,  "is  a  secondary  eflect  of  the  condensation  of  the 
vapor;  that  is  to  say,  it  is  produced  by  the  cooling  of  the  lower  air- 
strata  by  the  raindrops  that  fall  down  from  higher,  colder  strata,  and 
by  the  cooling  due  to  evaporation.  Perhaps,  also,  the  concussion  of  the 
filing  water  aud  of  the  air  dragged  along  with  it  contributes  somewhat 
to  the  initial  rapid  rise  of  the  pressare." 

To  these  purely  local  observations  at  Batavia  we  can  now  oppose  a 
longer  series  of  observations,  that  embrace  an  extended  country,and  load 
to  opposite  conclusions,  namely,  the  daily  observations  that  were  made 
about  1850  in  the  United  States  by  numerous  naval  and  Army  officers, 
and  by  163  private  individuals.  James  Espy  for  years  euteied  these 
upon  synoptic  charts.  From  more  than  1,800  such  charts  he  draws,  prin- 
cipally for  the  winter  months,  the  definite  conclusion :  *  "In  all  great  and 
sudden  depressions  of  the  barometer  there  is  much  rain  and  suow,  and 
in  all  sudden  great  rains  or  snows  there  is  a  great  depression  of  the 
barometer  near  the  center  of  the  storm  and  rise  beyond  its  borders." 

Loomis,  whom  we  also  thank  for  otber  very  important  works  on  tor- 
nadoes and  storms,  has  lately  discussed  the  weather-maps  of  the  United 

'Sm  this  JoDrDOl,  viii,  p.  177;  compare,  also,  my  "Wirbelatilrue,"  p.  133. 

'  See,  on  the  other  baDd,  is,  pp.  344, 343,  and  x,  p.  69. 

*  Espy,  Fourth  Mttearological  Ilrport.    Wasbiogton,  IS37.     p.  10,  Oeneraltzation  No.  9. 
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States  for  1S72  and  1S73  with  special  reference  to  storms.  The  paths 
of  the  storms  daring  314  days  were  examined ;  the  mean  direction  of 
tbeir  progress  was  very  nearly  from  west  to  east.*  "One  cirenmstance 
seems  to  fasve  a  decided  indnence  upon  the  modifications  of  the  storm- 
paths — this  is  the  rainfall.  Every  considerable  barometric  depression 
is  accompanied  by  rainfall,  and  the  area  over  which  the  rain  occurs 
generally  extends  mnch  forther  on  the  eastern  or  forward  side  of  the 
central  depression  than  on  the  western."  And  the  farther  the  rain-area 
stretches  on  the  east  side  of  the  storm,  so  much  the  more  rapidly  does 
the  storm  advance  in  this  direction.  Bj  separating  the  cases  in  which 
the  storm-track  had  a  direction  more  to  the  north  or  south,  Loomis 
fnrther  foand  that  the  direction  of  the  storm-path  in  24  honrs  very 
nearly  agreed  with  that  toward  which,  in  the  preceding  eight  koura,  the 
rain-area  had  ext«nded  the  farthest.  If  the  greater  axis  of  the  region 
of  rain  was  directed  toward  N.  53<^  E.  or  N.  118°  E.,  then  the  mean 
durection  of  the  corresponding  storm-tracks  was  N.  40°  E.  or  N.  116°  E. 
>'  The  agreement  would  certainly  have  been  still  gicater  if  we  conld  have 
made  the  comparison  with  the  direction  of  the  storm-tracks  in  the  next 
8  honrs  instead  of  24." 

Since  the  beginning  of  1867,  in  the  Norwegian  Meteorological  Insti- 
tute, the  most  important  meteorological  observations  at  210  European 
stations  have  been,  day  b;  day,  graphically  presented  upon  achart.  By 
these  charts,  Mohn  establishes  the  fact  that  on  the  front  or  east  side  of 
the  storms  the  tension  of  the  vapor  and  the  qnantity  of  cloudiness  in- 
creases, and  that  there  heavier  and  longer  continned  rain  or  snow  pre- 
vails ;  on  the  hinder  or  western  half,  however,  the  vapor-tension  falls, 
the  clondiness  diminishes,  and  the  rain  is  light. 

The  barometric  minima  of  the  Torrid  Zone  are  regnlarly  accompanied 
by  the  heaviest  rains,  and,  according  to  Thom,*  the  condensation  of  vapor 
stretches  much  &rther  on  the  front  than  on  the  hinder  side  of  the  cyclone. 
The  island  of  Manritias,  to  which  nameroos  vessels  repair  after  every 
great  storm,  afforded  for  many  years  a  very  favorable  position  for  the 
stady  of  tropical  whirlwinds  to  Thom  and  to  its  meteorological  society, 
still  floorishingnnderMeldram's  guidance.  Thom  explicitly  says  that  no 
phenomenon  accompanies  these  storms  so  regularly  and  is  so  astonish- 
ing as  the  enormoQS  mass  of  water  falling  from  the  moving  masses  of 
air.  "Hundreds  of  miles  distant,  on  all  sides  of  the  whirlwind,  extends 
a  thick  stratum  of  cloads  that  pours  out  ratn  in  torrents  and  unceas- 
ingly. This  process  continues  week  after  week,  and  is  apparently  char- 
acteristic of  a  hurricane  in  all  its  stages.  The  approach  of  such  a  storm 
can  almost  be  predicted  from  the  unbroken  layer  of  clouds  that  slowly 
covers  over  the  heavens,  at  first  at  a  great  altitude,  gradually,  however, 
descending  to  the  lower  strata  and  accompanied  by  increasing  darkness, 

'  Looniis.    See  ZeitMbiift,  Bd.  i,  pp.  24[>-Q5I,  and  Ameiican  Jonrool  of  Science,  Itf74. 
'Tbo3i,AD  loqair;  into  ibeNatiite  and  Couree  of  Storms  ID  tbe  lodi^iD  Oceao,  SodUi 
of  ths  Eijaator.    LondoD.  Id4r>.    pp.  202. 20G. 
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until  at  last  it  rests  opon  the  eartb  and  begins  to  rain.  These  Bigns  are 
recognizable  at  a  distance  of  200  or  300  nautical  miles  from  tbe  hnrri- 
cane." 

These  accordant  results  of  extended  systems  of  meteorological  obser- 
rations  in  Ametica,  Europe,  and  the  South  Indian  Ocean,  especially  the 
important  fact  tliat  the  barometric  minimum  advances  toward  the  side  of  the 
heavier  precipitation,  plainly  show  tbe  appreciable  inflaence  of  the  con- 
densation of  tbe  atmospheric  aqueous  vapor  npon  the  change  of  atmos- 
pheric pressure.  Furthermore,  the  known  laws  connecting  the  tension 
and  temperature  of  aqueous  vapor  and  of  the  atmosphere  force  na  to 
assume  some  such  direct  influence.  Local  obser^'atious  lilie  those  at 
Batavia  can,  in  my  opinion,  not  prove  the  contrary,  since  they  leave  as 
entirely  Id  ignorance  as  to  the  estensioa  of  tbe  rainfall  and  as  to  the 
eimultaneona  meteorological  pbenomena  of  the  surronading  portion  of 
the  globe.  Tbe  enormous  rainfall  of  2d  and  3d  December,  1872,  which 
overflowed  the  whole  of  Cariuthia,  Carnatia,  Gorz,  Korthem  Venetia,  and 
Southern  Tyrol,  has  shown  in  what  distant  regions  many  times  we  must 
seek  the  prime  cause  of  very  heavy  and  extended  rains.  ^  Oertaialy  at 
that  time  no  one  on  the  south  flank  of  the  Alps  suspected  that  this  rain 
was  caused  by  a  barometric  minimom  on  the  coast  of  France;  and  even 
to-day  it  wonld  be  inexplicable  to  us  why  that  enormous  precipitation 
did  not  at  least  cause  a  secondary  minimum,"  unless  we  had  an  accurate 
knowledge  of  the  confignration  and  the  atmospheric  conditions  of  half 
of  Europe. 

So  far  as  concerns  the  146  heavy  rainfalls  at  Batavia,  these  appear, 
so  fkr  as  concerns  their  duration  and  geographical  extanmon,  to  have 
had  the  characters  of  local  thander-storms ;  for  among  them  those  of 
more  than  three  hours'  duration  were  so  infrequent  that  Hann  coald  not 
give  any  average  for  the  fourth  hour  of  rain.  How,  in  tbe  case  of  local 
storms,  even  when  they  are  accompanied  by  heavy  preeipitatioo,  the 
accompanying  rarefaction  can  very  rapidly  be  restored,  becanse  the 
region  of  condensation  occupies  a  relatively  very  small  space  in  an  im- 
mense atmosphere.  Moreover,  the  process  of  condensation,  i.  e.,  the 
formation  of  the  storm-clouds,  begins  at  least  in  oar  latitudes,  generally 
a  considerable  time  before  the  outbreak  of  the  storm ;  and  if  during  the 
subsequent  rain  the  pressure  rises  a  little  by  reason  of  the  oooliug  of 
the  lowest  stratum  of  air,  I  therein  find  nothing  contradictory  to  the 
theory. ' 

'  Compare  tbia,  ZeitBchrifC,  vol.  vili,  pp.  1011, 179. 

■  If  a  Bcnsible  barometrio  depreaeion  could  be  caused  by  mJD,  then  certaioly  here 
at  least  a  secondary  Diioimnm  mnst  have  been  fonned  I— J.  HiNS'. 

*Tq  this  1  remark  in  brief  only  as  foUows,  bat  iu  general  refer  to  p&ges  11  and  18  of 
this  present  volnme  x  [see  the  preceding  troiislatiao  (C)  of  Hann'a  reply  to  Uofl- 
mojer's  remarks}.— J.  Hank. 

In  reference  to  the  rains  at  Batavia,  I  have  submitted  tbe  heavier  short  rains  tocom- 
patation,  because  tliese  mnst  beat  represent  tbe  effect  of  an  Mcendiug  cnrreat  of  air, 
and  becanae  an  examination  of  tbe  nbole  aerlee  of  observfttioas  showed  ma  at  onoe 

..    .    Go.h;Ic 
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My  OWD  and  Hann'a  views  as  to  tbe  part  played  by  aqaeous  vapor 
ID  meteorological  processes  differ  from  cacb  other,  as  I  believe,  m»cb 
less  than  they  appear  to  do.  I  also,  for  partly  veil  recogoized  reasons, 
attribnte  no  special  importance  to  precisely  the  same  resnlts  of  my  com- 
putation that  Hann  opposes.  On  this  poiot  allow  me  to  make  the  fol- 
lowing remarks:  My  computations  "On  the  Expansion  of  the  Air  of  the 
Atmosphere  in  the  Formation  of  Clonds,"  as  I  first  published  tbem  eleven 
years  ago  ["  On  Vertical  Cnrreuts  of  Air  in  the  Atmosphere,"  Scfalomilch, 
Zeitschrift  fiir  Mathematik  nnd  Physik.  1864,  Bd.  9,  pp.  250-276;  also, 
Beye,  '*  Wirbelstiirme,"  Hannover,  1872],  had  for  their  immediate  object 
the  overthrow  of  Mohr's  theory  of  the  formation  of  hail.  Mohr  main- 
tftlned  that  beoanse  saturated  steam  has  a  mach  greater  volume  than 
the  vrater  from  which  it  is  formed,  therefore  by  the  coudeosation  of  the 
vapor  at  any  point  in  the  atmosphere  there  must  be  formed  an  "  immense" 
dimioation  of  volume ;  this  "  formation  of  a  vacanm  "  is,  however,  fol- 
lowed by  a  strong  indraft,  an  inrush  of  lur,  especially  from  the  upper 
strata,  which  then,  by  reason  of  their  own  cold,  caase  a  new  coDdeosa- 
tion,  etc.  Id  opposing  this  theory,  it  was  sufBcieot  for  me  to  assume 
that  the  air  in  which  this  condensation  occurs  loses  no  heat  during  the 
process." 

With  the  same  assamptiou,  at  the  end  of  the  chapter,  I  compute,  inci- 
dentally, the  4]uantity  of  air  that  will  be  pushed  out  of  a  vertical  column 
that  in  no  inBtaoce,  Dot  eveo  tboe«  of  longer  daration  (and  there  oecartnBii;  of  twelve 
honn  SDd  over),  did  a  seoaible  ioflueDoe  of  the  mio  mftke  itself  appateot.  The  phe- 
ntnneiia  are  here  preciMly  the  same  as  Sjkes  giTee  for  the  Dekklian  (see  Zeitaobcin,  i, 
p.  12).  There  Me,  indeed,  do  data  at  band  relative  to  the  extent  of  these  runs,  but  we 
know  that  at  the  rainy  eeasoo,  for  instance  in  JaDoary,  there  are  on  tlie  avenge  of 
•even  stations  in  the  Sunda  lalandB  21.3  days,  and  there  niDst  be  a  troly  wonderfol 
arnngemeDt  if  it  does  not  ocoasionallf  rain  simaltaneously  over  near];  the  whole  Aichi- 
petsgo,  the  more  so  since  the  rains  oconr  very  nearly  at  the  same  time  of  day.  And 
yet  there  is  no  distnrbauos  of  the  diurnal  period  of  the  barometeit  And  what  raiaa 
were  those  oompared  with  odib  1  On  the  lOtb  Janaary,  18G7,  there  fell  in  one  honr  at 
Balavia  37  mtllimetera,  that  Is  to  say,  only  3  millimetere  less  than  falls  with  ns  in  three 
months,  from  December  to  Febmary,  when  we  have  the  lowest  barometrlo  pressnre. 
In  this  ease,  no  minimiim  oconrred,  even  at  a  great  distance,  that  one  could  qaote  as  an 
eicaseforaoy  decided  diminntloQ  of  pressare. 

The  facte  qaoted  by  Bspy,  Thom,  and  Loomis  prove  nothing  afcajnat  my  assumption, 
becaose  the  ioflaenoe  of  the  rain  can  only  become  prominent  in  the  ease  of  rainfalls 
without  an  accompanying  rotatory  motion  of  the  sir,  bat  where  there  is  no  whirl 
there  is  also  no  notable  barometric  minimum.  On  ibis  is  fonnded  the  Inductive  por- 
tion of  my  reasoning.  On  the  other  hand,  I  will  readily  allow  that  small  differences  of 
pTcesiiTe  (I  have  expressly  said  "  no  notable  inflnence  ")  can,  perhaps,  be  bronght  in 
BgreemeDt  with  tbereanltaof  the  observations  in  Batavia;  the  land  and  sea  breezes  of 
the  ti«pias  show  that  qaite  nnnoticed  barometric  diffecencee  can  bring  about  very 
active  canents  of  air.  Such  slight  differences  of  pressure  as  these  are  quite  sufficient 
to  canse  the  coDtlnned  dow  of  air  toward  that  place  in  the  whirl  where  condeusatlon 
takes  place,  and  to  explain  its  continuance  ^nd  the  direction  of  its  progressive  move- 
ment, as  I  have  alreadyindicatad  on  pages  S'J-J  and  344,  vol.  ii  [see  page  13,  i  B,  and 
page  39,  i  D,  of  the  preceding  translations  of  Hann's  articles]. — J.  Hakn. 

■'Then,  however,  do  condensation  coold  occur ;  therefore,  also,  no  evolution  of  beat 
and  no  expansion ;  and  all  further  consequences  likewise  foil  to  the  ground. — J.  Hank. 


426  SHORT  MEM0IB8  ON  UBTEOBOLOOICAL  SUBJECTS. 

of  atmosphere  by  the  condeDsation  of  one  millimeter  of  raio ;  and,  ander 
the  further  assumption  tbat  tbia  excess  of  air  can  be  immediately 
removed,  and  is  not  repinced  at  the  earth's  surface  by  cooler  air  flowing 
in  from  the  side,  I  arrive  at  tbe  theoretically  not  nninteresting  result, 
that  a  barometer  under  sach  a  column  of  air  most  fall  to  the  extent  of 
tbree-flfths  of  the  depth  of  rain  fall.  In  all  this,  however,  I  was  per- 
fectly aware,  and  have  even  so  stated,  tbat  the  assumed  conditions  do 
not  occur  in  nature.  Tberet'ore  have  I,  also,  at  no  time,  neither  in  the 
text  of  my  book  on  "  Wirbelaturme"  nor  elsewhere,  referred  to  this 
resnit  of  compatation,  and  readily  acknowledge  with  Hann,  who  assails 
it,  that  it  has  no  ])ractical  importance.  Still  I  believe  as  before,  "  not- 
withstanding perhaps  this  computation  throws  some  light  upon  the  low 
barometer  that  is  so  often  observed  in  connection  with  the  revolving 
storms  tbat  are  accompanied  by  heavy  rain.'' 

In  fact,  the  assumptions  in  question  are  approximately  fulfilled  in  tbe 
case  of  the  precipitations  accompanying  revolving  storms;  at  least,  &r 
more  nearly  than  in  local  thnnder- storms,  or  in  quiet,  aniform,  general 
rains.  Since  the  air  rises  very  rapidly  in  the  interior  of  a  whiriwiud, 
therefore  it  and  the  aqueous  vapors  or  cloud-fog  that  are  carried  op  witti 
it  cannot  lose  much  heat,  either  by  conduction  or  by  radiation;  at  the 
same  time,  however,  the  inflow  of  tbe  lower  mass  of  air  from  either  side 
is  hindered  by  the  centrifugal  force  and  tbe  outflow  of  tbe  upiier  layer 
is  facilitated.  But  this  theoretical  result  is  not  applicable  without 
further  considerations,  even  to  the  revolving  storms ;  for,  even  if  in  these 
we  have  accounted  for  the  heat  which  is  consumed  in  the  expansion 
corresponding  to  tbe  latent  heat  liberated  by  tbe  vapor,  still  there 
remains  unnoticed  tbat  quantity  of  heat  which  is  equivalent  to  the 
living  force  of  the  whirling  mass  of  air  and  to  the  work  of  expansion 
performed  in  consequence  of  the  ascension.  For  this  reason,  in  my 
theory  of  whirlwinds,  besides  tbe  yery  complete  collection  of  observa- 
tions, I  refer  only  to  tbe  law  of  tension  of  saturated  air  and  to  the  com- 
pntations  in  reference  to  the  unstable  equilibrium  in  the  atmosphere. 


ON  THE  EELATION  BETWEEN  TBE  DIPFEBENCE  OF  PKESS- 
■      UEE  AND  THE  VELOCITY  OP  THE  WIND  ACCORDING  TO 
THE  THEORIES  OF  FEEREL  AND  COLDING. 

By  Dr.  Julius  Hann. 

iTniulmtHl  bf  CleteUrd  Abbs  from  tbe  Zaiucbrift  ol  tbe  Analiiu  Ueleorologlcal  AsaDclatioo.  ISTS, 

vol.  I.  pp.  ei-ioit.| 

The  historical  developmentsof  scientific  theories,  like  those  of  i>oIitical 
questions,  have  their  reactionary  periods,  which,  in  both  cases,  are  gen- 
erally called  forth  by  an  excessive  one-sided  pnrsuit  of  some  principle 
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vbich  iu  itaelf  may  be  correct.  Ooe  of  the  best  examples  of  tbis  is 
foDnd  ia  tbe  history  of  the  geological  views  cnrrent  ia  Germaoy  in  tbe 
course  of  tbe  nineteeuth  ceotury ;  bat  I  believe  that  also  the  develop- 
meut  of  the  theory  of  storms  can  be  coasidered  as  a  similar  example.  I 
will  not  here  give  a  history  of  atorm  theories,  bat  only  briefiy  sketch,  so 
far  as  it  seems  important  for  my  purpose,  the  two  opposed  views; 
the  older,  which  is  still  found  almost  exclusively  in  our  German  text- 
books of  meteorology,  and  the  newer,  which,  proceeding  ia  the  begin- 
ning jrom  America,  and  recently  from  the  most  northern  states  of 
Europe,  has  also  already  found  iuduential  supporters  in  Southern 
Earope. 

Tbe  older  theory  considers  the  storm-whirl,  if  I  may  so  express  it,  as 
parely  mechanical,  arising  from  tbe  meeting  of  different  currents  of  air, 
Tbe  ceotrifugal  force  arising  in  consequeoce  of  tbe  rotatory  movement 
of  the  air  was  held  to  be  the  cause  of  tbe  low  barometric  pressure  in  tbe 
center  of  the  whirls.  We  bare  lately  beard  tbis  theory  more  folly 
expooDded  by  Dr.  Wtttwer  in  tbis  journal  [vol.  x,  pp.  l-G].  The  new 
theory,  which  I  would  designate  as  the  physical  theory,  finds  in  the 
formation  of  some  local  diminutiou  of  pressure  tbe  first  cause  of  an 
inflow  of  air  from  all  sides  and  the  attendant  formation  of  a  whirl  iu 
consequence  of  the  influence  of  the  earth's  daily  rotation.  The  baro- 
metric depression  itself  is  viewed  as  a  consequence  of  tbe  condensation  of 
tbe  aqueous  vapor  over  ao  extensive  portion  of  tbe  earth's  surface  [see 
this  journal,  vol.  vi,  pp.  209, 246,  and  vol.  viii,  pp.  109, 177]. 

As  we  perceive,  the  diflferenee  between  these  views  consists,  besides 
the  diverse  explanation  of  tbe  origin  of  the  whirl,  also  in  this,  that  the 
older  theory  explains  tbe  differences  of  pressure  as  due  to  tbe  wind ; 
the  new  theory,  on  the  other  hand,  deduces  the  direction  and  strength 
of  tbe  wind  as  phenomena  resulting  from  the  previously  existing  differ- 
ences of  pressure. 

Both  theories  cannot  stand  together.  It  is,  however,  not  therefore 
necessary  that  the  one  should  be  absolutely  false  and  the  other  thor- 
oughly correct.  There  may  be  in  each  correct  and  incorrect  views  min- 
gled together. '  Wherefore  we  will  examine  them  in  reference  to  this. 

So  one  can  deny  that  whirls  can  arise  by  the  conjunction  of  currents  at 
an  angle  with  each  other.  But  how  in  this  manner  the  invariable  rota- 
tion from  right  to  left  in  tbe  northern  and  inversely  iu  the  aootbern 
hemisphere  should  arise,  it  would  be  difBcnlt,  indeed  impossible,  to 
explain.  Still  mora  difficult  is  it  to  explain,  according  to  this  theory, 
the  ffwst  that  the  whirl,  once  formed,  pursues  a  path  of  hundreds  of 
miles  through  the  atmosphere,  in  the  coarse  of  which  it  continually 
draws  new  masses  of  air  into  motion,  overcomes  a  great  amouut  of  fnc- 
tional  resistance  along  its  entire  path,  and  exerts  powerful  mechanical 
effects.  This  would  be  physically  impossible,  and  surpasses  even  the 
"  perpetnat  motion  "  without  a  constant  accession  of  force.  It  must,  on 
the  other  hand,  appear  to  every  one  as  a  pure  play  of  the  imagination  to 
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assume  a  perijetnally  renewed  conjuoction  of  winds  in  the  necessary 
direction  continuously  along  the  whole  length  of  the  etorin-path  through 
the  most  diverse  systems  of  currents. 

The  new  theory  of  the  origin  of  the  rotatory  movement  throngh  the 
deviating  infloenoe  of  the  earth's  rotation  opon  the  air  carreots  flowing 
toward  the  area  of  least  pressure  fully  explains  the  invariable  direction 
of  rotation  from  right  to  left  in  the  northern  and  from  left  to  right  in 
the  fionthem  hemisphere.  It  also  satisfies  nsespecially  in  that  it  points 
to  the  source  whence  the  whirl  when  once  formed  steadily  derives  new 
force.  To  this  end  it  utilizes  the  fact  that  every  great  whirlwind  is  ac- 
companied by  an  abundant  condensation  of  aqueous  vapor.  The  latent 
heat  liberated  by  this  condensation  causes  a  more  rapid  ascent  of  air 
over  the  whirlwind  and  thus  induces  beneath  it  an  inflow  of  the  air  from 
all  sides.  We  now  see  that  the  whirl  can  progress,  indeed,  that  it  most 
progress  if  it  is  to  have  dnratioa.  The  force  that  it  needs  to  overcome 
the  frictional  resistance,  to  draw  in  hitherto  quiescent  masses  of  air,  to 
bring  about  its  powerful  mechanical  effects, — this  force  is  already  stored 
np  above  in  the  atmosphere  in  the  neighborhood  of  the  path  along  which 
it  will  pass.  It  remains  latent  until  the  approaching  storm  liberates  it. 
The  whirlwind  must  quickly  come  to  a  stand  when  it  does  not  find  suf- 
ficient aqueous  vapor  in  the  atmosphere  and  at  the  same  time  has  great 
frictional  resistances  to  overcome. 

Since  in  this  way  this  newer  theory  affords  us  a  anfBcient  physical 
reason  for  some  of  the  most  important  phenomena  observed  in  connec- 
tion with  storms,  I  have  allowed  myself  to  briefly  call  it  the  "  physical 
theory." 

We  must,  however,  consider  the  explanation  of  the  barometric  minima 
as  due  simply  to  the  condensation  of  aqueous  vapor  as  not  to  an  equal 
extent  satisfactory.  I  have  already  in  this  journal  sufficiently  fully 
expressed  my  views  as  to  the  reasons  that  necessitate  the  rejection  of  the 
view  that  by  means  of  the  condensation  of  aqueous  vapor  any  consider- 
able diminution  of  pressure  at  the  earth's  surface  can  be  produced. 
[See  vols,  viii,  p.  102,  ix,  p.  2S0,  and  x,  p.  11.]  A  princiiile  correct  in 
itself  has  been  pushed  to  extreme  cooclnsions,  to  which  the  theory  gives 
no  foundation  and  facts  aEford  no  agreement.  Whoever  desires  to  see 
this  one-sided  application  pushed  to  its  extreme,  may  read  the  work  of 
Hopkins  "On  the  Atmospheric  Changes,"  and  Langhtou's  "Physical 
Geography."  With  many  meteorologists  at  present  the  aqueous  vapor 
is  the  great  resort  in  every  time  of  need,  as  was  electricity,  under  the 
inflnence  of  Volta's  ideas. 

When  one  thinks  himself  obliged  to  reject  a  theory  that  appears  to 
explain  satisfactorily  one  group  of  pbenomeua,  he  also  to  a  certain  ex- 
tent assumes  the  duty  of  offering  a  better  one.  I  have,  however,  jnst 
as  I  was  forced  to  think  of  attempting  this  duty,  had  the  happiness 
to  find  that  this  is  no  longer  necessary;  that  in  fact  other  and  better 
men  have  already  done  this. 
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I  have  already  retuarked.(vol.  x,  p.  ISjtbatlbelievetbattliegteateBt 
part  of  the  barometric  depres&ioa  ia  storms  most  be  explained  Id  some 
mecliaoical  way.  Tills  ia  a  retnro  to  the  older  theory,  and  one  coold  la 
this  respect  consider  me  as  reactionary. 

It  is  r«Darkable  that  tbe  newer  theory  of  storms  no  longer  ntilizes 
the  centrifugal  force,  aud  that  it  entirely  overlooks  a  farther  influence 
similar  to  ceatrlfugal  force,  although  it  perfectly  recognises  its  necessity 
in  deriving  the  direction  of  the  wind.  The  older  theory  atilized  the 
centrifagal  force  to  explain  tbe  diminution  of  pressure  iu  the  center  of 
the  whirl ;  but  as  yet  I  have  nowhere  fonud,  at  least  in  German  writings, 
that  any  one  baa  shown  us,  not  even  approximately,  how  great  the  baro- 
metric differences  resulting  from  tbe  centriftigal  force  of  the  rotating 
masses  of  air  can  be,  or  whether  it  safBoes  to  explain  the  greater  part 
of  such  depressions  as  occur  in  cyclones. 

It  is  here  the  place  to  promptly  say  that  one  should  never  attempt  to 
explain  all  barometric  differences  as  consequence  of  the  movement  of  the 
air.  This  extreme  is  to  be  avoided  precisely  aa  is  tbe  other.  Our  view  ia 
only  that  tbe  larger  part  of  tbe  observed  great  differences  of  atmos- 
pheric pressure  iu  a  whirlwind,  or  even  iu  a  directly  progressing  current 
of  air  BO  far  as  any  exist,  is  a  consequence  of  the  movement  of  the  air. 
This  latter  movement  is,  however,  itself  the  resnlt  of  an  original  slight 
hnt  more  general  variation  of  pressure. 

We  have  quite  recently  heard  Beye  defend  the  view  that  a  con- 
densation of  aqneoua  vapor  over  an  extended  portion  of  the  earth's 
surface  must  cause  a  fall  in  the  pressnre  of  the  air  in  consequence  of 
the  increase  of  temperature  that  takes  place  at  the  place  of  condensa- 
tion. From  a  theoretical  point  of  view,  but  little  objection  can  be  . 
brought  against  this  view.  But  it  is  impossible  even  to  estimate  how 
great  the  consequent  actual  tall  in  pressure  may  be  even  under  any  given 
circnmstauces;  and  since  we  know  from  observation  that  where  the  most 
rain  falls  the  irregular  variations  in  the  barometer  are  not  great  enoQgh 
to  disturb  the  regular  diurnal  period,  whose  amplitude  in  favorable  cases 
amounts  to  3  millimeters,  therefore  we  may  conclude  that  the  infloence 
under  discussion  most  have  a  less  effect  than  this.  On  the  other  band, 
firom  known  principles  of  mechanics,  we  must  necessarily  condade  that 
the  movement  of  the  air  once  set  up  mast  of  itself  bring  about  differ- 
ences of  pr«s8ure  that  am  ten  or  fifteen  timea  greater.  We  can  there- 
fore scarcely  be  in  doubt  as  to  how  we  are  to  explain  the  great  variations 
of  pressnre  observed  in  the  extra- tropioal  regions. 

At  the  same  time  that  I  was  writing  out  for  this  Journal  my  thoughts 
adverse  to  pushing  Espy's  theory  too  far,  Professor  William  Ferrel,  of 
Wasbington,  published  a  memoir  {American  Journal  of  Science,  vol. 
viii,  Nov.,  1874)  in  which  he  endeavored  to  express  mathematically  the 
variations  of  pressure  occurring  iu  storma  as  a  consequence  of  the  centri- 
fugal force  and  of  the  earth's  rotation.  In  this  memoir,  however,  he 
merely  especially  elaborates  and  accommodates  to  tbe  present  state  of 
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our  knowledge  of  storms  an  idea  that  be  bal  already,  is  1861,  pablished 
iu  more  general  form  in  Silliman's  American  Joarnal  of  Science." 

In  reference  to  the  cnrrents  and  presanres  of  the  air  in  cyclones  in  low 
latitudes,  we  possess  an  excellent  mathematical  investigation  by  the 
genial  Daoisb  engineer  Colding,  well  known  as  one  of  the  fonndera  of 
tbe  mechanical  theory  of  heat.  Since,  faowever,  his  work  appeared  in 
the  Danish  language,  in  tbe  Proceedings  of  tbe  Academy  of  Copenhagen, 
certainly  but  few  meteorologists  outside  of  Scandinavia  will  have  become 
acqnainted  with  it,  and  we  will,  therefore,  pretty  fally  reproduce  it  io  a 
later  nnmber  of  tills  Jonrnal.  [See  Paper  I,  which  translation  was  made 
in  1S73  directly  from  the  original,  with  bat  few  corrections,  soggested  by 
aaabsequentcomparisoQ  with  Hann's  German  version. — C.  A,]  Colding 
considers  tbe  tropical  cyclones  as  true  wbirls,  in  which  the  air  rotates 
abont  avertical  axis,  and  the  differences  of  pressure  fh>m  tbe  center  to  tbe 
edge  of  the  whirl  computed  by  him  under  this  assnmption  agree  perfectly 
with  tbe  observed  values. 

Of  course  we  cannot  assume  that  there  exists  in  onr  whirlwinds  any 
rotation  of  the  mass  of  air  in  the  sense  that  it  several  times  or  even  once 
revolves  about  the  centeri  the  air  moves  apparently  in  epiral  paths  to- 
ward the  center.  This,  however,  is  no  reason  why,  even  in  the  smallest 
portions  of  the  curved  path,  the  centrifugal  force  should  not  have  its  influ- 
ence according  to  tbe  prevailing  radins  vector  and  velocity-  [Bachanis 
therefore  in  error  in  denying  the  influence  of  centrifhgal  force.  SandBook 
of  Meteorologgf^d  edition,  p.  281.]  The  analogous  iuflnence  of  tbe  earth's 
rotation  is  to  be  added  thereto,  and  tbe  consequence  of  both  these  in- 
fluences is  that  tbe  atmospheric  pressure  at  tbe  earth's  surface  dimin- 
ishes toward  tbe  center  of  the  storm-area.  Especially  does  tbe  inflaence 
of  the  earth's  rotation  explain  simply  and  naturally  the  frequently  im- 
mense extension  of  the  area  of  much  diminished  pressure  in  tbe  higher 
latitudes,  while  it  is  impossible  to  explain  barometric  minima  of  sncb 
extent  by  means  of  an  ascending  current  of  air  or  by  precipitation.t 

In  order  to  make  somewhat  clearer  the  influence  of  the  rotation  of  the 
earth  upon  tbe  origin  of  barometric  difiierences  in  a  mass  of  air  in  mo- 
tion, I  will  assume  a  definite  case,  and  for  simplicity  assume  a  storm- 
wind  advancing  in  a  straight  line. 

Let  us  assume  a  southwest  storm,  extending  &om  Korthem  Scotland 
to  tbe  foot  of  tbe  Alps,  or  over  abont  ten  degrees  of  latitude,  as  often 
occurs.  Tbe  velocity  of  the  wind  at  a  short  distance  above  the  earth's 
surface  will,  at  30  meters  per  second,  not  be  assumed  unnsnally  great. 

*  [KoTE  BY  THK  Trjikblator.— See  Home  accoant  of  Ferrel's  works  in  the  note  on 
I»ge7a.J 

I  la  [eference  to  thUsee  B.  H.  Scott's  meiiiair  "  On  Recsnt  Progrew  in  Weather  Knowl- 
edge." Tbe  magoitDde  of  tbe  depressions  affords  an  argnment  against  their  being 
•implf  doe  to  the  condensation  of  vapor,  for  on  November  22, 1U69,  barometrical  read- 
ings ireie  redaoed  to  the  extent  of  nearl;  an  inch  from  what  they  bad  been  on  theSlst, 
•reran  area  ofaboat  300,000  square  milM.  On  January  20, 1873,  tbe  deSoit  of  atmos- 
phwical  pressnre  amoanted  to  abont  -fjr  of  its  total  amount  over  the  United  Eingdoin. 
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Tfae  earth's  rotation  will  exert  itsinfiueQce  apon  tbiBcnrreotof  air;  and 
QDder  tbe  simnltaoeoas  iofltieuce  of  gravitstioD  and  the  deviation  to  the 
right  iu  coDseqaence  of  the  rotation,  the  level  surfaces,  or  surfaces  of 
equal  preasnre,  can  no  louger  remain  parallel  to  the  earth's  surface,  but 
most  ascend  toward  the  sontheast 
If  we  designate  by 

n  the  ang&lar  velocity  per  second  of  the  rotation  of  the  earth, 

■   _      2r. 
"  ~  8616.4 ' 
V,  th  e  geographical  latitade ;  then  will 
n  BID  f  =  the  deviation  to  the  right,  or  the  apparent  turning  which  a 
moving  particle  experiences,  as  is  shown  in  elementary 
physics ; 
V  n  sin  ^  will  therefore  be  the  linear  deviation  where 

V  is  the  path  described  in  the  unit  of  time,  and  consequently 
2v  n  sin  f  is  the  corresponding  acceleration  [BetcMeunigung]. 
If  we  designate  by 

h  the  ascent  of  the  level  surfaces  for  a  breadth  h  of  the  current 

of  air,  and  by 
g  the  acceleration  [Beschleu«ig%ng\  dne  to  gravitation,  the  fol- 
lowing equation  mnet  then  obtain : 

9  ■  r  =  2  r  n  sio  f , 

or 

2  d  v  n  sin  0 


i='- 


From  this  equation  (which  bas  already  been  previously  applied  to  tbe 
oompotatlon  of  tbe  elevation  of  the  water  on  the  right  bank  of  our  rivers 
in  conHeqaence  of  the  earth's  rotation,  and  which  mast  also  hold  good 
for  carreuts  of  air)  can  be  computed  tbe  ascent  from  northwest  to  south- 
east of  tbe  level  surfaces  in  oar  current  of  air.  If  we  take  for  ^  it«  mean 
value  63P,  and  for  b  1113  kilometers,  we  find 
h  =  306.5  meters. 

Therefore  the  surfaces  of  equal  pressure  are  elevated  by  396  meters 
from  Dortbwest  to  southeast,  which  corresponds  to  a  difference  of  press- 
ore  of  37.7  millimeters  of  mercury.  In  our  present  case,  therefore, 
simply  iu  consequence  of  tbe  influence  of  the  earth's  rotation  upon  the 
southwest  wind,  the  pressure  must  diminish  by  38  millimeters  from  the 
northern  slope  of  tbe  Alps  to  tbe  northern  portion  of  Scotland.  I 
see  no  way  by  which  we  can  evade  this  conclusion.  Owing  to  the  rota- 
lion  of  the  earth,  a  current  of  air  must  ahcays,  in  (Ae  nm-tkem  kemigphere,  be 
aeeompanied  by  a  diminution  of  pressure  on  its  left  side.  But  this  diminu- 
tion of  pressure  corresponds  to  a  condition  of  equilibrium  so  long  aa  the 
movement  of  the  air,  or  the  quantity  v,  remains  the  same.  There  ore, 
therefore,  barometric  depressions  (and  so-called  barometric  gradients), 
and  very  large  ones  too,  that  are  the  consequences  of  air  currents  whioh 
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were  themselves  first  prodaced  by  the  depression.  The  dtmtDUtioD  of 
pressare  at  the  earth's  surface  is  increased  whea  the  air  moves  not  id 
rectilinear  l>Qt  in  carvilinear  paths,  since  then  the  ordinary  centrifugal 
force  also  comes  into  play.  It  is  now  cn8tomary,a8  is  well  known,  tode^g- 
uate  by  the  term  "  barometric  gradient,"  or  "  the  gradient,"  the  differ- 
ence of  pressure  for  a  given  amount  of  distance,  and  in  issuing  "  storm 
waroinga"  one  deduces  the  strength  of  the  future  wind  from  the  niagni- 
tnde  of  the  gradient.  We  have  just  shown  that  the  greatest  part  of  an 
observed  gradient  is  not  the  cause  but  the  result  of  the  violence  of  the 
wind.  For  practical  storm  predictions,  however,  this  is,  of  course,  im- 
material. In  general,  the  so-called  "  Buys  Ballot's  law  "  is  only  the 
shortest  expression  for  the  facts  graphically  presented  upon  the  synop- 
tic charts,  and  it  is  therefore  not  affected  by  the  vagaries  of  the  theories 
of  the  origin  of  areas  of  low  pressure. 

We  believe  we  have  now  reached  a  point  of  view  from  which  the  labors 
of  Ferrel  and  Colding  gain  an  increased  interest;  from  which  also,  at 
the  same  time,  the  limits  of  their  applicability  may  be  perceived,  and  we 
can  therefore  proceed  to  their  memoirs. 

The  titleof  Ferrol'a  memoir  reads:  "Relation  between  the  Barometric 
Gradient  and  the  Velocity  of  the  Wind"  (Amer.  Jour.  Set,  voh  viii,  1874). 

The  following  ie  not  a  translation,  but  a  sort  of  working  over  of  Fer- 
rel'B  text.  Especially  have  we  deduced  equation  (I)  iu  a  more  elementary 
way,  and  also  given  it  a  somewhat  different  form. 

When  water  has  a  motion  of  rotation  in  a  stationary  basin,  the  centri- 
fugal force  produced  by  the  rotation  causes  the  water  to  retreat  from 
the  center,  and  to  acquire  a  faunel-shaped  surface  ascending  towaid  the 
edge  of  the  vessel.    In  consequence  of  this,  the  pressure  on  the  bottom 
of  the  basin  increases  from  the  center  toward  the  circumference.    If 
r  is  the  distance  from  the  center  of  the  basin, 
u  the  angular  velocity  of  the  rotation, 
then  will 

r  M^  express  the  magnitude  of  the  centrifugal  force. 
But  in  case  the  banin  itself  has  also  a  rotatory  motion  in  the  same  diiec- 
tion,  whose  angular  velocity  we  designate  by  m,  then  will  the  expression 
for  the  magnitude  of  the  centrifugal  force  be 

because  r  u  is  the  linear  velocity  of  the  movement  of  the  water  relative 
-  to  the  basiu.  Now  the  increase  of  pressure  or  the  gradient  in  the  dirac- 
tiou  from  the  center  toward  the  circumference  depends  on  this  quantity 
[r  u].  If,  however,  we  refer  the  gradient  to  the  surface  of  the  water 
wheu  at  rest  with  respect  to  the  basin,  which  latter,  however,  itself  has 
an  angular  velocity  u>,  then  in  the  above  expression  we  must  omit  the 
term  r  w^,  which  depends  simply  upon  u,  and  the  expression  for  the 
centrifugal  force  becomes 

2iav  +  ue  =  (2io  +  ii)v. 
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la  tbe  case  oT  a  cydooe  oo  tbe  earth's  sor&ee  of  compiratirdy  slight 
extension,  and  for  vhidi  tbcreAve  tbe  carratnie  of  tbe  eaitb's  snifiee 
can  be  Deglected^  we  have  a  pbenomeooa  quite  simitar  to  tbe  pcecediDg. 
In  additkm  totberotativymoTeBteDtofafydoiterelatiretotbenrtb's 
surface  there  ia  also  to  be  eoosidered  tbe  {wv^r  motioo  of  tbe  latter, 
one  component  of  vhich  ctwrespcHids  to  tbe  timing  of  a  disk  abont  a 
center.    In  tbe  elemental;  textrbooka  of  {riij-sies,  id  «HiDectioo  vitb  tbe 
explanation  of  Foocaalt's  paidolom  experimente,  it  ia  denonetiated 
that  tbe  raa^itnde  of  this  bofizontal  component  of  the  daily  rotatkw  is 
expressed  by  a  sin  y  for  the  latitode  p,  vbere  ■  is  tbe  aoeular  Telocity 
of  tbe  earth's  rotation.    We  have  therefore  in  the  above  ezpresaoa  to 
snbstitDte  a  sin  p  for  *  in  order  to  Sod  tbe  magnitade  of  the  ceotrifngal 
force  el&ctit-e  in  a  cyclooe.    Tbe  term  a'  sin*  ^  mast  be  omitted  as 
before,  became  ve  refer  tbe  difiereoce  of  pressure  or  the  barometiic 
gradient  to  tbe  elliptical  sorfiiee  of  the  earth  and  not  to  the  sarfaoe  tbat 
would  be  if  there  were  no  rotatiofl  about  au  axis. 
Let 
fr  —  !>'  be  tbe  difierenoe  of  preasore,  expressed  by  the  height  of  a 
ocdnmn  of  mercnry,  for  a  nnit  of  distance  in  the  horizontal  direc- 
tion along  the  normal  to  an  iaobu-  upon  tbe  earth's  sorfhce  or  a 
sni&ce  parallel  thereto,  and  1^ 
r  be  tbe  specific  gravity  of  mercniy, 
then  will  the  pressure  of  tbe  unit  T<diuBe  of  air  m  the  direction  of  the 
DOTinal  and  toward  the  side  of  lower  pieasnre  be  equal  to  (ft  —  b')  «. 
Tbe  pcvaaore  in  the  opposite  dimctioo  of  the  anit  of  volane  lesnlting 
from  the  eentrifngal  force  of  the  rotating  air  is,  according  to  an  element- 
ary pn^oaitioa  in  mechanics,  expressed  by 

9  r  -f    "  ' 
whoe 

« is  tbe  specific  gravity  of  the  anit  vtdHBW  of  air, 

f  the  aeeekntioo  of  graTity, 

r  the  linear  vdocity  of  tbe  air  In  its  imth, 

«■  the  mgolar  velocity  of  tira  air  (a  its  path, 

r  the  radius  rector  of  the  air  in  its  p«th^ 

In  oarease, 

r  a*ia(2«sinf  +  M)t>. 
If,  therefore,  tbe  nir  neither  appitMvbra  nor  r«oe<le9  fVom  the  axia  of 
roiatioii,  tbe  following  eqaatioQ  must  obtain  i 

(ft  -  &*)  «  »  -  (:!  It  aln  f>  +  m)  f. 

If  farther  we  designate  by 

jB  the  "  gradient "  or  tbe  kuruuitftrlo  difi^reiico  for  a  deQuite  dis* 

(aaee  ( (the  Londoa  M(>t»uro)oiilcal  OfBoe  assnmes  I  »  60  naotlcnl 

or  gw^raphical  miles  -  lia.7ii  kilometers),  r  , 

Sa  "-'c^'^ 
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tbea  from  thia  definitioD  foUowa 

(»-»-)  =  ^, 

and  by  sabstitattou  of  this  vatae  we  find 

JiJ  =  - .  -  (2  n  sin  (0  +  «)  ». 
9   ' 
Let 

B  be  tbe  barometric  pressure  at  a  given  place, 

T  the  temperatare  expressed  od  tlie  absolute  scale,  that  ia  to  say, 

T  =  2730  +  t, 
theu  we  bave 

B     10333 

7to'  :e^  ' 


d^.t 


wbere  10,333  kilograms  ia  the  preasnre  of  one  atmosphere. 

If  we  sobstitate  this  valae  of  ^,aad  insert  the  nnmerical  values  of 
jr  =  9.806  metera  (for  y  =  45°),  a  =  13596  kilograms,  B  =  29.3,  then  we 
iliid 

/       B 
^^  =  iiSTA  ■  7  {2  M  sin  f  +  M) ».  (I) 

lu  this  formula,  I  is  expressed  iu  meters,  B  in  millimeters,  2  nand  m 
in  terms  of  the  radius,  v  in  metera  per  aecood  of  mean  time;  2  n  is  a 
conataot  whose  numerical  value, 

we  hare  not  inserted  in  the  formnla  merely  for  typographic  rcaaons  and 
courenience. 

The  equation  (I)  represents  the  gradient  J£  as  s  function  of  tbe 
velocity  of  the  wind  in  case  that  tbe  air  describes  a  purely  central  move- 
ment,  and  has  therefore  no  frictional  resistance  to  overcome,  as,  also, 
that  no  new  masses  of  air  are  drawn  into  tbe  looTement. 

We  will  now  illustrate  the  use  of  this  formnla  by  two  nnmerical  exam- 
ples, whereby,  however,  it  mnst  be  remarked  that  it  is  only  as  a  first 
approximation  that  it  can  find  an  application  to  actnal  conditiooa.  For 
numerical  computations,  oar  formula  flrat  acquires  a  more  convenient 
form  when  we  pat  B  =  760°"°,  and  T  =  273i=>,  or  (  eqna)  to  V>  Oentigrade 
or  R^nmur,  which  is  always  allowable,  since  the  inaccuracies  that  resolt 
from  these  assumptions  are  smaller  than  those  that  attend  the  imperfect 
theory  itself.    We  will  put  the  distance  I  equal  to  one  Qerman  mile,  or 

7.42  kilometers.    Finally,  if  we  consider  tbatuv  =—,  where  r  represents 

the  distance  from  the  axis  of  rotation,  then  the  formnla  becomes 

JB  =  71.875  ^0.0001453  sin  j. . «  +  — \ 

If  wo  desire  to  refer  tbe  gradient  J£  (which  will  be  given  in  milii- 
meters)  to  the  English  niiit  of  50  nnutical  miles  [instead  of  oue  German 
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mile],  then  muat  the  value  given  by  this  formala  be  mnltiplied  by  12.5 

In  the  night  of  Jannary  26-27, 1874,  we  experienced  in  Tienna  the 
most  violent  storm  (from  the  WHTW.)  since  the  establishment  of  the 
new  anemometer.  The  maximum  velocity  of  the  wind  attained  31 
meters  per  second  (see  this  Jonmal,  vol.  ix,  p.  62).  The  mean  velocity 
betweeu  7  a.  m.  and  8  a.  m.  was  27.6  meters.  The  synoptic  charts  of 
Captaiu  Hoffmeyec  show  Chat  on  this  morning  an  area  of  low  pressare 
(720  millimeters)  existed  in  the  neighborhood  of  St.  Petersburg,  and  that 
the  gradient  toward  this  point  was,  in  the  neighborhood  of  YieDoa,  0.22 
millimeter  per  German  mile. 

If  we  put  ?>  =  48*^,  V  =  27.6,  and  r  =  1630  kilometers,  or  abont  the  dis- 
tance of  Vienna  from  St.  Petersbarg,  then  we  find  from  the  preceding 
formala : 

JB  resulting  from  the  earth's  rotation  =  0.314 

J£  resulting  from  the  centrifngal  force  =  0.033 

Therefore  the  whole  J£  =  0.25 

We  see  clearly  from  this  that  even  the  imperfect  theory  affords  a  very 
approximate  value  for  the  barometric  differences.  It  further  follows  that 
the  inflaeoce  of  centrifngal  force  may  be  neglected  in  the  storms  of  our 
latitude,  which  generally  extend  over  a  very  great  extent  of  surface,  and 
in  which  tbe  greatest  velocity  of  tbe  wind  does  not  commonly  occur  in 
the  neighborhood  of  tbe  storm-center  (or  rather  of  tbe  lowest  barome- 
tric pressure).  For  comparison,!  will  add  that  the  greatest  gradients 
known  to  me  directly  tcom  our  telegraphic  weather-reports  are  the  fol< 
lowing: 

1869,  November  14,  7  a.  m.— Wind  W:NW.,  force  10  at  Vienna.  Qra- 
dients:  from  Vienna  to  Cracow,  0  22 ;  Vienna  to  Ischl,  0.28  millimeter 
per  German  mile. 

1869,  December  2,  7  a.  m. — Bora  of  hurricane  force  in  the  Gulf  of 
Trieste  and  in  the  Adriatic :  Tbe  gradient  from  Klageofurt  to  Pola  was 
0.31  millimeter. 

We  wilt  now  consider  a  tropical  whirlwind,  and  choose  that  whioh 
devastated  the  island  of  St.  Thomas  on  the  21at  Aagnst,  1871.  The 
observations  show  that  at  distances  of  about  67  and  111  English  miles 
from  tbe  central  point  of  the  whirlwind  the  pressnres  were  respectively 
10  and  17  millimeters  higher  than  in  the  central  calm  space,  whose  radios 
was  3.0  English  miles.  This  gives  gradients  of  0.86  millimeter  and  0.60 
millimeter  for  one  German  mile.  If  we  anbstltnto  in  tbe  formula  the 
namerical  values  p  =  28°,  v  =  30,  r  =  57  English  miles  =  91.7  kilome- 
ters, we  find 

J£  as  the  effect  of  the  earth's  rotation  =  0.10 

AB  as  tbe  effect  of  the  centrifugal  force  =  0.71 

AB  the  total  of  both  influences  =  0.81 

Therefore,  a  wind-velocity  of  only  30  meters  snfQces  to  explain  the 
observed  extraordinary  difference  of  pressure,  AB  =  0.73,  in  a  distance 
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of  57  miles.  We  further  leoro  from  this  example  tbat  ia  whirlwiods  of 
smaller  dimeDsio-is  the  influence  of  tbo  centrifugal  fbico  many  times 
exceeds  tbat  of  the  earth's  rotation,  so  tbat  iu  these  cases  the  latter,  in 
low  latitudes,  may  be  neglected  without  great  error. 

CoDsequeotly,  in  our  storms  [latitude  dO°J  the  barometric  depressions 
are  principally  a  consequence  of  the  indaence  of  the  earth's  rotation  npon 
the  moving  masses  of  air;  in  the  tropical  cyclones,  on  the  other  hand, 
the  depresBtons  are  a  consequence  of  the  centrifugal  force. 

Professor  Loomis  has  endeavored  to  prove  that  the  ceDtrifugal  force 
can  produce  no  sensible  barometric  depression.  (See  bis  memoir  "  On 
Certain  Storms, &c.,"  page  24, Smithsonian Gontribations.)  He compates 
for  the  storm  of  the  25th  December,  1839,  in  Central  Europe,  tbat  at  a 
distance  of  400  miles  the  centrifugal  force  vas,  in  ronnd  nombera,  only 
t^v  P"''''  "f  gravity,  and  concludes  thence,  further,  that  therefore  the 
pressure  could,  on  tbat  account,  only  sink  abontthe  ^l^s^J^s^^  ^° 
Inch.  That  this  conclnsion  is  wholly  erroneous  need  scarcely  be  re- 
marked, bad  not  the  result  been  quoted  in  an  excellent  English  hand- 
book of  meteorology. 

In  nature,  the  conditions  are  not  so  simple  as  we  have  hitherto  intro- 
duced in  our  computations.  The  air  does  not  move  in  a  circular  orbit 
about  the  storm-center,  bat  flows  toward  it  in  spiral  paths.  Fenel 
seeks  to  introduce  this  spiral  movement,  and  also  the  frictional  resist- 
ance, into  his  computation.  We  give  in  the  following  bis  presentation 
of  the  subject,  but  can,  for  several  reasons,  not  consider  it  as  correct. 

When  the  air  flows  iu  toward  the  center  of  the  cyclone  (or  in  the  upper 
strata  flows  away  from  it),  we  must  in  equation  (I)  introduce  in  the 
right-hand  member  another  term,  F,  which  shall  represent  the  resistance 
to  the  movement.  Similarly  tbe  entire  centrifugal  force  of  the  curvilin- 
ear mo%'emcnt  is  not  now  active,  but  a  less  force,  whose  amount  we 
find  by  dividing  the  actual  velocity,  ru,  into  two  components,  one  in 
the  direction  of  the  tangent  and  the  other  perpendicular  thereto. 

If  we  indicate  by  i  the  angle  between  the  actual  direction  of  motion 
and  the  tangent,  then  will  the  first  of  these  components  be  represented 
by  r  u  cos  (',  or  v  cos  ■',  and  the  ccntrifagal  force  depends  only  npon  this. 
We  have  therefore,  now,  as  a  new  equation  for  spiral  movements,  tbe 
following,  iu  which  the  valueof  F  remains  still  to  be  determined : 

(I')  JB  =  t^j2-  j,-  {(2»sinp  +  «)pcost+F  j- 

According  to  the  principle  of  the  conservation  of  areas  in  the  case  of 
purely  central  forces,  the  following  equations  must  obtain  in  all  parts  of 
a  cyclone: 

r  *  (»  sin  fi  4-  u)  =  Constant ; 
and  therefore 

—  r  ^u  =  2  (»  siu  f  +  u)  dr. 

The  second  member  of  this  last  equation  is  tbe  expression  of  the  force 

which  would  strive  to  preserve  a  rotatory  motion  about  the  center.    In 


SHOKT  MEMOIRS  OK  METEOltOLOOICAL  BOUJECTS.  437 

case  of  tbo  absence  of  every  frictioDalresistauco,  tbis  entire  force  will  be 
applied  to  the  acceleratiou  or  retardation  of  the  rotatory  movement  of 
the  particles  of  air  accordiog  as  these  are  respectively  approacbing  to 
or  receding  from  the  center.  When,  however,  aoy  friction  exists,  this 
force  TTill  be  almost  exclusively  used  to  overcome  this  frictional  resist- 
ance, ir,  now,  we  designate  this  frictional  resistance  by  F',  which  acts 
in  the  direction  perpendicular  to  the  radins  along  tbe  portion  « cos  j 
of  tbe  path,  as  we  have  previously  designated  by  F  the  resistance 
acting  in  the  direction  of  the  radios  along  the  portion  -^,  then  tbe 
following  relations  bold  good: 

F'  is  very  nearly  =  2(n  sin  y-  +  «)  ^i 

F  _  Qu.)  ■ 


F  = 


F 
2  »  sin  ff  +  2  tt 


a)' 


This  latter  expression  is  always  positive,  and  attains  its  greatest  value 
in  the  neighborhood  of  the  earth's  surface,  where  the  frictional  resist- 
ance is  tbe  greatest.  With  increasing  altitude,  where  only  swiftly  mov- 
ing air  rabs  against  more  slowly  moving  air,  tbe  friction  rapidly  dimin- 
ishes, while  the  angle  *  also  approximates  to  its  limiting  value  of  zero. 

If,  now,  we  snbstitate  this  value  of  F  in  the  equation  (I'),  after  we 
have  previously  mnltiplied  numerator  and  denominator  by  v  cos  i,  we  can, 
with  slight  error,  eliminate  the  common  factor  r  cos  t  (2  n  sin  7 -t- u), 
whereby  the  equation  acquires  tbe  following  form : 


287.4    T^ 


l>  +  M 


,ti„''''. 


but  since,  according  to  thedeOuition  of  t,  the  ratio  — ;  r  cos  t  =  tang ^ 

therefore  the  definitive  expression  for  the  gradient  in  the  case  of  a 
spiral  movement  of  the  air  is  as  follows : 

(II)  jij  =  J_.?.(3ii£E_P±iO£ 

267.4  '  T  cos  I  ' 

in  which 


In  reference  to  this  equation  (II),  we  must  make  tbe  following  remarks: 
First,  that  part  of  the  gradient  that  results  from  tbe  term  2  n  v  sin  {» is 
really  entirely  independent  of  the  angle  i  or  of  thedirection  of  thecarrents 
of  moving  air,  but  the  formula  allows  it  to  increase  with  increasing  values 
oft,  which  must  be  incorrect.    Secondly,  tbe  second  term  which  repre- 
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Bents  tbe  inflnence  of  the  centrifagal  force  appears  to  be  iDdepeadent 

of  i,  siDce  the  developmeut  shows  it  to  be  equal  to  ^-^  •  ^  •  —  (or,  as 

giren  ia  the  second  page  of  tbe  original,  =  — .  u?^,^  7  which  is 

tbe  same,  excepting,  of  conrse,  the  constant),  but  in  our  storms  [latifcade 
50^1  almost  the  only  term  of  influence  is  the  first ;  therefore  from  Ferrers 
formala  we  should  find  too  large  a  value  for  the  gradients. 

lu  the  latest  numher  of  Symon's  Meteorological  Magazine  (March, 
1875),  SlBACHAN  has  applied  Ferrel's  formala  (It)  to  Tojnbee's  charts  of 
the  5th  February,  1870.  These  latter  give  the  gradients  JB  as  =  0.114 
English  inch  for  each  100  miles ;  v  was  estimated  as  equal  to  56  miles 
per  hour,  and  vince  f<  =  45°,  r  =  350  miles,  t  =  45'^,  therefore  tbe  formula 
gives  JB  =  0.3^  which  is  nearly  thrice  too  large.  But  if  we  compute 
according  to  our  formula  (I),  and  neglect  tbe  centrifugal  force,  as  is 
allowable  in  thiscase,we  find  J8  =  0.150  iucb.  Had  we  used  tbe  formula 
(I'),  and  neglected  F,  it  would  have  given  J£  =  0.160  inch.  Therefore, 
in  both  cases,  we  obtain  much  more  correct  values  than  according  to 
Perrel's  formala  (II). 

We  give  now  in  abstract  Ferrel's  discussion  of  formula  (II).  We  hare 
designated  by  u  tbe  angular  velocity  of  the  rotating  mass  of  air.  Be- 
sides this  rotation,  however,  in  general  there  is  also  a  movement  either 
toward  or  from  the  center  of  the  cylone ;  the  former  occurs  in  the  lower 
portion,  the  latter  in  the  upper  portions  of  tbe  cyclone.  The  value  of  f , 
therefore,  has  opposite  signs  above  and  below,  and  somewhere  in  the 
middle  i  must  entirely  disappear,  the  movement  being  assumed  purely 
circular. 

Tbe  value  of  i  depends  mostly  upon  the  friction,  bnt  to  a  certain 
extent  also  upon  the  inertia  of  the  mass  of  air  in  those  cases  in  which 
tbe  movement  is  increasing  or  diminishing,  as  in  the  beginning  and  end- 
ing of  tbe  cyclone.  It  is  therefore  also  greatest  over  the  land  and  near 
tbe  earth's  surface,  and  comparatively  slight  at  sea,  and  especially  so 
in  tbe  upper  strata  of  tbe  atmosphere.  It  further  depends  on  the  geo- 
graphical latitade,  and  at  the  equator  we  have  t  =  90°,  for  there  can  be 
there  no  rotation,  bnt  the  movements  are  directly  toward  or  from  tbe 
center  of  a  region  of  expansion  or  condeusalion. 

The  greater  the  value  of  F  i'or  the  same  value  of  v,  so  much  the 
greater  will  bo  dr,  and  therefore  also  t.  When  for  different  velocities 
the  friction  increases  in  proportion  to  the  velocity,  then  must  dr  increase 
in  the  same  proportion  (since  J"  =  2  (n  sin  {r  •]-  u)  dr)  and  i  remains  coo- 
stant  for  all  velocities  as  long  as  u  can  be  neglected  in  comparison  with 
n  sin  p,  that  is  to  say,  for  large  distances  from  the  center.  But  nearer 
to  the  center  of  a  cyclone,  where  u  is  very  large  in  comparison  with 
nsin^,  dr  is  very  small,  and,  under  tbe  same  circumstances,  therefore 
also  the  value  of  t.  For  all  ordinary  winds,  the  value  of  i  is  probably 
nearly  constant  for  all  velocities,  and  therefore  observations  for  a  given 
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sort  of  surface  (land,  sea,  &c.)  snfflce  to  determine  a  value  of  t,  which 
cao  then  be  applied  to  all  caBes  of  cycIoDes  of  every  degree  of  severity 
above  a  anrface  of  tbe  same  kind. 

These  coDclasions  agree  very  well  with  the  resnlte  of  the  investigation 
of  Clement  Ley  into  the  inclination  of  tbe  wind  to  the  isobars  (see  this 
joarnal,  vol.  ix,  p.  95),  The  observations  at  the  English  stations  gave 
a  larger  value  of  i  in  the  interior  of  the  country  than  on  the  sea-coast 
and  in  tbe  npper  regions  of  the  atmosphere.  Ley  fnrther  fonnd  that 
the  inclination  was  the  greatest  for  the  ESG.  winds,  and  least  for  the 
"WNW.  winds,  while  tbe  mean  direction  of  progress  of  the  cyclones  was 
from  SW.  to  SE,  The  inclination,  therefore,  appears  greatest  in  the 
front  portion  of  the  cyclone,  where  masses  of  air  previously  at  rest  mnst 
be  first  set  in  motion,  and  perhaps  this  is  a  general  law.*  It  also  agrees 
with  the  theory  that  in  tbe  interior  of  a  continent  the  strong  winds 
should  have  a  less  inclination  to  the  isobars  than  the  weak  ones,  and 
that  the  inclination  is  much  more  constant  for  strong  thau  for  weak 
winds,  for  tbe  strongest  winds  are  to  be  found  in  the  neighborhood  of 


Professor  Loomis  found  the  value  of  t  in  the  United  States  nnder  north 
latitude  about  45°  much  greater  than  Ley  found  it  for  Great  Britain 
under  north  latitude  abont  5U°.  This  agrees  in  general  with  theory. 
The  somewhat  too  rapid  increase  of  t  is,  according  to  Ferrel,  to  be 
ascribed  to  the  greater  resistance  due  to  friction  in  a  less  caltivated, 
wooded  country. 

Tbe  trade  wind  at  a  mean  latitude  of  20°  gives  an  inclination  i  =  20*^, 
which  is  very  much  greater  than  Ley  fonnd  at  coast  stations  in  England. 

In  tbe  case  of  violent  tornadoes  and  watersponts,  where  the  rotation 
takes  place  very  near  to  the  center  and  with  the  greatest  violence,  «  is 
more  important  than  n  sin  p,  and  this  term  can  be  entirely  neglected, 
especially  in  low  latitudes.  On  the  other  band,  inextensive  cyclones  and 
at  aconsiderable  distance  from  the  center,  n  sin  ?  is  more  important  than 
u,  and  the  value  of  Jfi  depends  principally  upon  the  effect  of  the  earth's 
rotation,  and  only  in  slight  degree  upon  tbe  centrifugal  force  that  is 
called  out  by  the  rotation  with  reference  to  the  earth's  surface  of  the 
mass  of  air  abont  the  center. 

In  tbe  center  of  a  cyclone,  tbe  pressure  of  the  air  must  be  a  minimum : 
therefore  JS  =  0;  whence  also  v  =  0;  and  a  calm  must  prevail  at  tbe 
center. 

In  large  cyclones,  up  to  considerable  distances  from  tbe  center,  JB 
attains  no  great  value,  and  therefore  the  calm  region  mnst  have  acon- 
siderable diameter.  In  many  cyclones,  the  area  of  perfect  calm  attains 
a  diameter  of  30  miles. 

In  the  outer  portion  of  a  cyclone,  the  rotation  must  necessarily  be  in 

*  But  LoomiB  foand  the  greater  inclination  ia  tbe  rear  in  tbe  Ameiicaa  atotms  (seo 
tbisjonrnal,  vol.  ii,  p.  249). 
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tlie  Opposite  direction,  and  the  component  v  cos  t  of  the  rotatory  move- 
ment mast  be  Degatiro,  and  therefore  J  B  will  be  also  negative.  At  a 
certain  distance  from  the  center  of  a  perfect  cyclone,  between  the  center 
and  the  extreme  limit,  tbe  pressure  will  be  a  maximum,  and  J  £  =  0.  At 
this  distance,  v  =  0,  or  calms  mast  also  prevail.  Therefore  an  area  of 
high  pressare  must,  in  general,  be  atteoded  by  calms.  An  easycompa- 
tatioD  shows  that  for  the  same  gradieots  the  wind-velocity  mustseosibly 
diminish  toward  the  center.  Unfortunately,  the  observations  at  hand  do 
not  suffice  to  test  the  relation  between  observed  gradients  and  velocities. 

The  empirical  law  of  Buys  Ballot  is,  says  Ferrel,  included  in  the  pre- 
ceding expression  for  AB.  This  expression  is,  however,  correct  for  all 
latitudes  and  inclinations  of  the  wind  to  the  center,  where  Buys  Ballot's 
law  no  longer  applies.  With  reference  to  the  force  or  velocity  of  the 
wind,  we  perceive  by  a  simple  inspection  of  the  formula  that  the  velocity 
in  all  parts  of  a  cyclone,  for  the  same  constant  geographical  latitude,  is 
not  alone  proportional  to  JJ},  and,  further,  that  in  different  latitudes 
the  value  of  v  for  the  same  gradient  is  nearly  inversely  proportional  to 
the  sine  of  the  latitude,  especially  at  a  considerable  distance  from  the 
center.  Hence,  also,  for  the  same  gradients  the  velocity  of  the  wind  is 
much  greater  in  the  tropics  than  in  higher  latitudes.  We  may  add 
that  Toynbee  (see  this  jonroal,  vol.  ix,  p.  79,  and  vol.  x,  p.  C3)  bad 
also  previously  called  attention  to  this  fact,  and  Blanford  bad  drawn 
the  same  conclusion  from  the  isobars  for  India.  The  form  in  which 
ire  have  presented  Ferrel's  eqnatioo  further  shows  that  for  equal  wind- 
velocities  the  gradient  diminishes  also  with  the  temperature,  bat  to  a 
very  slight  degree.  The  same  result  is  furthermore  brought  about  to 
a  very  considerable  extent  in  the  higher  regions  of  the  atmosphere  by  the 
diminishing  atmospheric  pressure,  indeed,  the  barometric  variations 
ttctnally  do  diminisli  with  the  altitude,  while  the  wind-velocities  do  not. 

All  irregular  barometric  variations  depend  almost  entirely  upon 
cyclonic  action  and  are  in  general  caused  by  the  passage  of  a  cyclone 
near  the  place  of  observation  ;  hence,  at  the  equator,  where  no  cyclone 
can  be  formed,  the  irregular  barometric  variations  are  scarcely  sensi- 
ble. On  this  point,  Ferrel  quotes  the  same  evidence  from  Sykes  and 
Humboldt,  as  given  in  Herschel's  Meteorology,  tha^l  we  have  ourselves 
reprinted  on  page  12,  volume  x,  of  this  journal.  At  the  equator,  no 
cyclone  can  arise;  and  therefore  in  storms  the  movement  of  the  air  at 
tho  earth's  surface  is  directly  toward  the  center  of  the  area  of  dimiu- 
isbed  density  of  the  atmosphere,  and  the  inertia  of  the  air,  as  well  as  tbe 
friction,  both  overcome  by  the  force  that  results  from  on  almost  imper- 
ceptible gradient.  Hence,  Ferrel  also  considers  that  his  neglect  of  the 
inertia  in  the  deduction  of  his  formula  for  the  gradient  can  in  any  case 
only  give  rise  to  a  very  slight  error.  In  a  cyclone,  the  force  tbatresnlts 
from  the  gradient  is  almost  entirely  held  in  equilibrium  by  tbe  centrifugal 
force  that  arises  in  consequence  of  the  rotatory  motion  and  the  earth's 
diurnal  rotation,  and  bo  great  is  the  mobility  of  the  air  and  so  slight  the 
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influeDce  of  friction  tbat  only  a  very  small  part  of  that  force  (dae  to 
the  gradient)  iB  applied  to  the  preservation  of  the  movemeut  of  the  nir 
betwceD  tbo  ioner  and  outer  portions  of  the  cyclone. 

If  the  friction  is  proportional  to  the  first  power  of  the  velocity,  then 
it  resntCs  Iroin  the  equation  for  P,  that  the  rotatory  movement  of  the 
cyclone,  and  consequently  the  v»lne  of  v,  is  proportional  to  the  sine  of 
the  latitude,  whence  the  entire  difference  in  pressure  between  the  inner 
sod  any  definite  esterior  portions  of  the  cyclones,  or  SJB,  must  be  pro- 
portional to  the  aquare  of  sin  y.  Therefore,  the  mean  monthly  range  of 
the  barometer  must  increase  with  the  latitude,  and  nearly  in  tbe  ratio 
of  sin*  f .  This  also  corresponds  very  well  with  observation.  If  we  pot 
the  mean  monthly  ronge  at  the  poles  at  1.0""''  =  41"",  we  obtain  the  fol- 
lowing comparison  of  the  observed  values  (according  to  Loomis's  Mete- 
orology) and  the  computed  values : 

f.  =  0o  30©  45°  65°  780 
Computed  range  O""  10""»  20""  33""  36"" 
Obserred  range  3        10        25         31        31 

A  more  complete  agreement  is  not  to  be  expected,  since  other  matters 
come  into  consideration  besides  tbe  influence  of  latitude.  Tbo  violence 
of  the  rotation  in  a  cyclone,  and  consequently  also  the  extent  of  tbe 
central  barometric  depression,  depends  to  a  very  large  extent  upon  the 
amount  of  aqueooB  vapor  that  is  conveyed  into  the  cyclone,  and  this 
diminisfaeB  from  the  eqaator  toward  the  poles.  On  the  other  hand,  tbe 
great  cyclones  that  advance  from  tbe  lower  to  tbe  higher  latitudes 
increase  steadily  in  diameter,  and  hence  tbo  amount  of  depression  at 
the  center  and  tbe  amount  of  tbe  barometric  oscillation  at  any  one  place 
are  always  greater  as  we  approach  tbe  Poles.  Tfaese  two  effects  mutually 
enfeeble  each  other  to  a  certain  extent.  In  the  slight  variation  of  3 
millimeters  at  the  equator  is  included  tbe  diomal  period,  which  has 
exactly  this  amount.  In  fact,  after  eliminating  this  dinrnal  period,  the 
irregalar  variation  becomes  equal  to  zero,  corresponding  to  the  theory. 
We  have  here  a  complete  explanation,  which  has  hitherto  been  wanting, 
of  the  [irregular)  barometric  variations,  and  their  dependence  upon  geo- 
graphical latitude. 

These  are  the  most  important  consequences  in  reference  to  cyclones 
that  Ferrel  (Amer.  Jour.  Sci.,  Nov.,  187J),  in  his  above  mentioned 
memoir,  deduces  from  his  formula  for  tbe  gradient.  IIe,bowever,  further 
applies  the  same  equation  to  explain  also  the  general  distribntion  of 
atmospheric  pressure  under  different  latitudes  on  the  earth's  surface. 
Wherever  in  the  atmosphere,  from  any  cause  whatever,  a  rotatory  motion 
is  set  up  over  a  large  portion  of  the  earth's  surface,  this  motion  furnishes 
a  value  of  u  and  of  v  in  the  expression  previously  given  for  J£.  The 
term  tbat  depends  upon  u  is,  in  such  a  case,  very  small  in  comparison 
witfa  tbat  which  depends  upon  2  n  sin  v,  and  can  be  neglected.  Equally 
can  i  be  put  =0,  nnd  therefore,  also,  v  be  put  =  ru.    A  positive  v  cor- 
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responds  to  a  rotation  from  rigbt  to  left  in  the  oortbern  hemispliere, 
bnt  the  contrary  in  the  sonlhera  hemisphere.  la  onr  hemisphere,  r, 
and  therefore  dB,  will  be  segatire  for  a  motion  from  left  to  right;  th&t 
is  to  say,  a  higher  pressure  prevails  in  the  center.  Ferrel  now  explains 
by  his  formula  the  diminution  of  atmospheric  pressure  toward  the 
poles,  in  that  he  treats  the  prevailing  easterly  movement  of  the  air  out- 
side of  the  tropics  as  "polar  cycloues."  In  a  similar  manner  originates 
the  low  pressure  at  the  equator  and  the  high  pressure  in  the  neighbor- 
hood of  the  tropics  between  the  two  great  cyclonic  movements  of  the 
atmosphere. 

We  refer  those  of  our  readers  who  are  further  interested  iu  this  part 
of  Ferrel's  deductions,  besides  the  memoir  jost  reviewed,  especially  to 
the  memoir  iu  the  number  for  January,  ISCl,  of  Silliman's  American 
Journal,  2d  series,  vol.  xxsi,  entitled  "The  Motions  of  Fluids  and  Solids 
Belative  to  tbe  Earth's  Surface."  We  find  therein  a  complete  theory 
of  a  new,  somewhat  complicated,  system  of  atmospheric  circulation.* 

From  this  latter,  earlier  memoir  of  Fenel's,  we  will  here  quote  some 
additional  paragraphs  having  reference  to  storms,  because  they  present 
his  views  in  reference  to  the  origin  of  storms,  whiuh  are  scarcely  to  be 
inferred  from  the  memoir  just  reviewed.  Ip  tbe  third  chapter,  "The 
Motions  of  the  Atmosphere  arising  from  Local  Disturbances,"  are  found 
the  following  remarks: 

Excess  of  beat  or  iucreased  amount  of  aqueous  vapor  is  the  first 
cause  of  the  ascent  of  air  and  the  influx  from  alt  sides.  The  inflowing 
air  ascends,  condenses  its  aqueous  vapor,  whereby  its  ascensional  power 
is  further  increased,  and  from  this  cause  the  disturbance  can  continue 
for  some  time.  For  reasons  previously  given,  thin  process  can,  in  tbe 
equatorial  regions,  give  rise  at  the  most  to  tornadoes  only,  and  in  fact 
Reld's  charts  show  uo  cyclone  traced  back  to  10°  latitude,  no  typhoon 
traced  beyond  9°.  Tbe  greater  expansion  of  the  air  in  consequence  of 
higher  temperature  and  greater  qnautity  of  vapor  must  without  doubt 
exert  au  influence  upon  tbe  barometric  pressure.  Notwithstanding  this, 
that  theory  is  untenable  which  ascribes  all  barometric  variations  to  the 
condensation  of  cyclonic  vapor,  for  according  to  it  the  variations  of 
atmospheric  pressure  would  be  greatest  at  the  equator.  The  atmosphere 
is  exceedingly  mobile.  Every  disturbance  of  equilibrium  will  be  quickly 
restored  by  an  inflow  of  air,  provided  no  whirl  arises.  If,  therefore,  the 
earth  had  no  rotation  about  an  axis,  then  would  the  non-periodical 

'OuTBDthorhasapp&reDtly  not  had  acc«eato  the  more  importaDtftndeu'lleriiMmoir 
of  Ferrel  "On  the  Mationa  of  Fluids  and  SoUtls,  Otn.,"  in  "Bnnkle's  Matbenutical 
Monthly,"  volaoies  i,  ii,  aud  iii;  Cambridge  and  Hew  York:  18&7  to  1959.  Tbese 
volomeB,  altboDgb  rare  in  Europe,  ore,  however,  Btlll  eaaily  obtained  by  Amerieui 
etndenta  from  Sever  &.  Francis,  ol  Cambridge,  Mom.,  and  eboald  be  cooBulted.  Copies 
of  A  Bnbsc(|i)eDt  separate  reprint  of  tbts  faDdamental  memoir  were  pabliabed  by  Ferrel 
iu  18G0.  The  memoirs  referred  to  by  Raoa  in  SillimaD's  Jonraal  ore  to  be  coneiilered 
08  elementary  oipositions  cf  the  rigorone  cqaaticDB  published  in  the  Mathematical 
Monthlv-— X"TE  At>I>KU  BY  TlIK  Traxshtor. 
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barometric  variatioos  nowhere  be  greater  thao  tbey  at  preBent  are  at 
the  eqaator. 

When  tbe  disturbance  of  cqnitibriam  is  large,  but  only  extends  over 
a  small  area,  then  is  the  centrifagal  force  greater  than  in  the  case  of 
extended  cyclones.  Tbe  rotations  are  then  very  rapid  and  close  to  tbe 
center,  as  in  tornadoes.  These  occnr  at  times  of  great  heat  and  calms, 
Thereby  the  eqailibrinm  in  vertical  direction  is  distarbed.  The  lower 
strata  rise  upward,  a  rapid  inflow  takes  place  from  alt  sides;  and  when 
tbesam  of  all  the  initial  momenta  of  rotation  is  not  eqaal  to  zero,  which 
will  seldom  be  the  case,  then  mast  the  mass  of  air  near  the  center  exe- 
cnte  rapid  rotat'ons,  and  a  tornado  is  tbe  resalt.  We  can  well  represent 
this  by  tbe  Sow  of  water  oat  of  a  basin  tbroogh  a  bole  In  the  bottom. 
When,  at  the  beginning  of  the  motion,  the  fluid  is  in  perfect  rest,  tbe 
efflnx  takes  place  without  rotation;  bat  when  the  slightest  initial  rota- 
tion is  present,  then  the  outflow  Is  accompanied  by  rapid  rotations. 

In  tornadoes,  which  are  always  of  small  dimensions,  the  inflaence  of 
the  eartli's  rotation  upon  tbe  prodaction  of  rotation  is  very  slight  in 
comparison  with  tbe  inflaence  of  tbe  initial  condition  of  the  atmosphere. 
Therefore  the  direction  of  tbe  rotatory  movement  in  a  tornado  is  some- 
times fh)m  right  to  left,  sometimes  tbe  reverse.  Therefore  at  the  eqaa- 
tor tornadoes  can  occur,  bnt  no  great  cyclones.  In  these  latter,  tbe  initial 
condition  of  the  atmosphere  is  of  little  consequence  in  comparison  to 
tbe  inflaence  of  tbe  earth's  rotation,  and  this  latter  is  constant,  while 
the  formeris  easily  nnllifled  by  resistances.  Therefore  the  great  cyclones 
have  along  existence,  while  the  tornadoes,  depending  principally  on  the 
initial  intensity  of  tbeir  rotation,  are  soon  brought  to  rest  by  tbe  resist- 
ances. 

In  consequence  of  the  great  centrifagal  force  near  the  center  of  a  tor- 
nado, caused  by  tbe  rapid  rotation,  almost  a  vacuum  must  exist  there. 
When,  therefore,  a  tornado  passes  over  a  building,  the  exterior  pressure 
is  suddenly  removed,  and  the  air  within  presses  with  nearly  10,333  kilo- 
grams per  square  meter ;  hence  is  produced  a  destraction  as  if  by  an 
explosion. 

The  progressive  motion  of  cyclones  can  be  explained  by  tbe  inequality 
of  tbe  centrifugal  forces  on  tbe  polar  and  equatorial  sides  of  a  cyclone. 
The  term  of  the  gradient  depending  on  2  n  sin  7  is  greater  on  the 
polar  than  on  the  equatorial  side,  while  tbe  other  moments  remain  tbe 
same.  The  cyclone,  therefore,  moves  toward  the  direction  of  the  greater 
diminution  of  pressure  or  toward  higher  latitudes.  It  is  therefore  not 
necessary  to  assume  that  a  real  transfer  takes  place  from  the  eqaator  to 
the  pole  of  the  mass  of  air  that  forms  tbe  cyclone.  Tbe  deviating  force 
and  the  motions  are  greater  on  the  polar  side  of  tbe  cyclone,  and  on  this 
side  new  portions  of  the  atmosphere  are  continually  drawn  into  the 
movement,  since  on  this  side  n  sin  9  is  increasing  steadily,  wliile  on  the 
equatorial  side  tbe  motioD  ceases  by  reason  of  the  frictional  resistance 
and  tbe  inertia  of  the  air.  Thus  the  center  of  the  cyclone  is  continually 
being  formed  anew  during  tbe  progress  toward  higher  latitudes. 
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At  the  same  time,  the  cyclones  in  the  rcgioa  of  the  trade  viodn  fullovr 
tbe  general  movement  of  the  atmosphere  in  these  latitndea  from  east  to 
\reBt,  and  similarly  Id  the  eztropical  regioD  they  move  from  west  to  east. 
From  the  resaltants  of  the  two  coDstaot  forces,  the  polar  tendency  of  the 
cyclones  and  the  inflaence  of  the  prevailiog  movement  of  the  atoaos- 
phere,  there  resalt  the  parabolic  paths  of  the  cyclones  or  their  recarving 
when  they  pass  from  the  trade  winds  into  the  region  of  the  west  winds. 

Thus  far  Febrel. 

The  infiaence  that  a  prevailing  general  current  of  air  exerts  npon  the 
progress  of  a  whirlwind  that  has  entered  into  it  evidently  consists  in 
this,  that  the  masses  of  air  drawn  into  the  whirlwind  have  to  follow  two 
impulses:  one,  that  which  is  doe  to  the  whirl;  and  the  other,  that  which 
is  dne  to  their  origiaal  movemeDts.  Therefore,  in  the  region  of  trade 
winds  aod  on  the  northwest  side  of  a  whirl,  the  motions  are  most  accel- 
erated, but  on  the  opposite  side  are  most  retarded,  and  thereby  the 
whirl  mnst  receive  a  tendency  to  progress  toward  the  northwest.  I 
believe  that  in  its  principal  feature  this  agrees  also  with  Lokkbl's 
theory  of  the  recurring  of  the  paths  of  cyclones  on  their  leaving  the 
trade-wind  region  (see  this  journal,  vol.  ix,  p.  270).  The  expression, 
"  Stauung  der  Luft"  stowing  away  or  damming  up  or  banking  vp  of  the 
atmosphere,  seems  to  me  also  not  well  chosen.  I  say  also,  for  one  of 
the  mcfet  competent  authorities  in  the  study  of  the  theory  of  storms 
writes  me  in  re/erence  to  Lommel's  views  as  follows:  "I  cannot  under- 
stand this  theory.  The  northeast  trade  does  not  blow  when  the  cyclone 
wind  prevails.  Therefore  they  cannot  bank  each  other  np.  It  would, 
however,  be  iiiterestiug  to  know  whether  the  tropical  cyclones  have  not 
always  a  maximum  of  temperature  or  aqneoas  vapor  on  their  right- 
band  or  northeast  Bide.  This  is  an  anomaly  in  the  distribution  of  these 
elements  in  the  tropical  regions,  but  the  cyclones,  also,  are  infrequent 
phcDomcna." 

It  would  certainly  be  of  the  highest  interest  to  know  the  distribntion 
of  temperature  in  the  trade-wind  region  during  a  cyclone,  for  this  woold 
afford  an  important  test  of  our  storm  theories.  I  believe,  however,  that 
the  author  of  the  preceding  quotation  will  find  fewer  difficulties  in  my 
proseutation  of  the  iuduence  of  a  general  atmospheric  current  upon  a 
cyclone  entering  therein.  I  do  not  think  that  everything  is  explained 
by  this  and  by  Febsel's  "  polar  tendency,"  but  certainly  both  views 
ought  to  he  taken  into  consideration. 

[Note  nv  tiie  Traieslatoii. — UavinK,  in  18G5-'GG,  bad  occasion  to  persoQall;  expl&ia 
fbe  viene  of  Mr.  Ferrel  to  several  astrooomeTS  and  meteorologiats  in  Enrope,  and  hav- 
ing, Id  1869-'70,  delivered  popular  eipositione  of  the  same  subject  io  conoectloD  with 
the  publication  of  the  Dailj'  Weather  Bulletio  and  Forecasts  of  the  Cincinnati  Obeer- 
vatoTf ,  the  author  vas  pecaliart;  gratified  to  he  able  to  present  these  views  to  a  atlU 
larger  circle  b;  tbo  publication,  in  May,  1871,  of  bis  notes  on  the  use  of  the  tri-d&ily 
weatber  mnps  of  the  8if>nal  Service,  and  would  refer  AmericanstQdents  to  tbe  "  Monthljr 
Weather  Revioiva"  and  other  publications  of  that  ofBce  for  Innamerable  illustratiooa  of 
the  application  of  Ferrel's  theory.  See  also  the  reoeot  pnblicatioue  of  LoomJs  and  Fer- 
re!.— C.  A.] 
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REPLY  BY  MR.  FEBREL  TO  THE  CRITICISMS  OF  MB.  HANN. 
[Zeit  Owt.  Met.  QeMlL,  z,  p.  S54,  Aagati,  1»S.] 

la  the  pieseDtatioD  of  Feirel's  fonnala  (vol.  x,  ISoa.  6  and  7)  wc  have 
made  certain  objections  to  his  method  of  introdaciog  the  friction  tberein, 
to  which  Mr.  Ferrel  replies  from  Washington  as  follows,  in  a  letter  of 
the  27tli  April: 

"  l^he  resistance  of  the  earth's  surface  to  the  rotatory  movement  of 
a  cyclone  can  only  be  overcome  by  the  force  that  according  to  the  prin- 
ciple of  the  conservation  of  areas  resnits  as  soon  as  the  air  is  constantly 
drawn  by  a  centripetal  force  toward  a  center.  If  at  a  distance  of  100 
miles  from  the  center  of  a  cyclone  the  air  has  no  rotatory  movement 
relative  to  tbe  earth's  snrface,  nevertheless,  it  still  has  a  rotatory  move- 
ment about  the  center  of  tbe  cyclone  in  consequence  of  the  earth's  rota* 
lion,  the  expression  for  which  is  rn  ain  ^o ;  or,  at  the  parallel  of  45°,  a 
liiiear  velocity  of  abont  71  miles  per  hoar.  Were  there  no  friction,  then 
woald  tbe  air  when  it  arrives  at  a  distance  of  100  miles  from  tbe  cen- 
ter have  a  rotatory  movement  of  4  x  74  ^  296  miles;  and  if  we  now 
sDbtract  the  rotatory  motion  in  this  distance  dne  to  tbe  earth's  rotation, 
that  is  to  say,  15.8  miles,  we  obtain  277.5  miles  for  tbe  velocity  of  rota- 
tion relative  to  the  earth's  sarface,  and  perpendicnlar  to  the  radius. 
The  force  which  overcomes  the  inertia  and  produces  this  motion  is  ex- 
pressed by 

da       du 
»■  ^  =  -57  cos  t. 
dt       dt 

Now,  in  the  case  of  friction,  we  have,  instead  of  a  rotatory  movement  of 
377.5,  one,'8ay,  of  lOmiles;  so  that  in  thiscaseover  Jof  this  force  is  lost 
in  overcoming  the  friction,  and  this  gives  ao  approximate  measure  of 
the  amonat  of  the  frictional  resistances. 

"The  inertia,  like  the  friction,  opposes  the  force  doe  to  the  centripetal 
movement ;  therefore,  its  expression  is 

and  we  thus  obtain  the  expression  for  J^  as  it  is  given  at  the  bottom  of 
p.  00,  vol.  X.*  It  must  certainly  be  considered,  however,  that  this  is  only 
an  approximate  presentatioa  of  the  Anctional  resistance,  including  the  in- 
ertia of  the  flaid,io  case  there  occur  changes  in  its  velocity ;  bat  this  latter 
is  in  general  only  a  very  small  part  of  the  total  resistance  to  movement. 
t'  As  the  two  compoDflots  of  the  friction  in  the  direction  of  the  tangent 
and  of  the  radios,  we  now  have 

J*  :  F=^  :  ticoBt, 

at 

and  this  gives  F,  as  at  tbe  bottom  of  p.  99,  vol.  x,*  as  an  approximate 

expression  for  the  effect  of  friction  in  tbe  direction  of  radias.    In  order 


446  8H0BT  MEMOIBS  ON  METEOBOLOQICAL  SUBJECTS. 

that  these  componeDts  may  be  OTercome,  there  ia  neceBaitated  ea  in- 
crease in  the  gradient,  and  therefore,  JB  increases.  Substitating  the 
expression  for  F,  gives  the  definitive  formala  for  JB  as  it  is  presented 
OB  p.  100,  vol.  s,  and  which  therefore  mnst  be  nearly  correct,  since  the 
whole  effect  of  the  friction  upon  the  ratio  between  gradient  and  velocity 
is,  in  general,  not  very  large,  and  therefore  a  part  of  it  can  have  only  a 
very  slight  influence. 

"  In  the  case  of  spiral  movement,  JB  diminishes  in  the  ratio  of  unity  to 
cos  i;  but  sioce  tbe  expression  for  F,  an  we  have  deduced  it,  increases 
in  the  ratio  of  cos'i  to  unity,  therefore  dB  will,  in  consequence  of  the 
friction,  increase  more  than  it  diminishes,  and  therefore  cos  i  appears 
in  tbe  denominator  of  equation  II, 

"JB  will  only  be  independent  of  i  in  case  that  we  can  show  that  the 
true  valae  of  J*  is  a  function  anch  that,  being  substituted  in  equation  II, 
it  causes  JB  to  increase  precisely  in  the  same  ratio  in  which  cm  t 
diminishes. 

"Tbe  formnlacannotberigidlytested  by  comparison  with  special  cases. 
For  the  detennination  of  the  gradient  we  can  only  use  observations  at 
distant  places,  which  do  not  allow  the  conaideratiou  of  the  influence  of 
nnmeroas  local  disturbances  of  slight  extent.  However,  I  quote  bere 
certain  relations  between  the  gradients  and  wind  velocities  from  Fro- 
fesror  Loomis,  iu  American  Journal  of  Science,  Jannary,  1875.  Each  of 
these  numbers  represents  the  mean  of  a  considerable  number  of  obser- 
vations. The  velocity  of  the  wind  ia  given  In  English  miles  per  hour; 
the  gradient  in  English  inches  of  the  barometer  per  100  miles  of  dis- 
tance: 

Wind-velocity  observed 10         15         20         25         30         35 

Gradient  observed .086      .096      .105      .105      .124      .162 

Gradient  computed .043      .067      .092      .118      .146      .175 

"  The  mean  iuolination  of  the  wind-direction  to  the  radios  is  assumed 
at  45°,  the  mean  distance  from  the  center  of  the  cyclone  at  350  miles,  and 
the  mean  geographical  latitude  at  45°.  We  see  that  the  observed 
gradients,  in  a  slightly  regular  uLanuer,  increase  with  the  velocity  of  the 
wind,  because  the  influence  of  abnormal  diatnrbunces  and  of  other 
causes  are  not  completely  eliminated.  We  further  see  that  for  a  velo- 
city of  22  miles  the  theory  agrees  with  observation.  For  lower  velocities 
the  theoretical  gradient  is  too  small ;  for  larger  velocities  it  is  too  large. 
But  in  the  computation  we  have  assumed  that  t  is  constant  for  all  velo- 
cities. If  we  assume  that  for  velocities  between  10  and  36  miles  the 
value  of  t  is  respectively  60°  and  350,  then  the  computed  atid  observed 
valnes  agree  within  the  limit  of  tbe  probable  errors  of  tbe  latter.  This, 
however,  gives  a  mean  value  of  t  that  is  greater  than  45°.  Tbe  theory 
cannot  be  rigidly  tested  until,  by  means  of  observations,  the  counectiou 
between  tbe  wind-velocity  and  the  angle  i  is  established.  If  we  put 
cos  t  =  1,  and  thus  make  the  gradient  JB  independent  of  the  angle  i, 
then  will  all  computed  values  of  the  gradients  be  too  small.* 
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SOME  REMARKS  CONCERNING  THE  NATURE  OF  CUEEENT3 
OF  AIR 

Br  A.  CoLDiNO. 

ITrautlaMd  b;  CleTcUnrl  Abbe  ind  H.  L.  Thomu,  (torn  the  OTeraigt  over  dst  E.  Duake  Tiden- 
«kabern«  Selakabs ....  Aant  1871,  piga  B9.  widi  occulDosI  nfcreiiDs  U  Hum  in  ZoiitchrUC  0«>C. 
Uet  Gee.,  voL  i.] 

These  remarks  are  based  mainly  upon  tbe  resalts  of  certain  inveBti- 
gatioDS  ioto  the  movement  of  water  io  currenta*  which  I  had  tbe  honor 

•  CNoTE  BY  THE  Thavsl&tor,  Fkbbcart,  1878.— The  article  G  of  the  preMot  col- 
lectiOD  girea  some  idea  of  tlie  resalts  of  FerceVa  djoamical  tbeor;^  of  tbe  winds  ftnd 
cuTreota  od  a  rotating  globe,  bat  aa  tbe  writings  of  Coldlog,  Peelin,  aod  otbera  have 
coDHiderable  merit  as  being  tbe  l)eBt  that  caa  be  done  with  the  pnrely  kioemstic  theory , 
tbe  traoHlutor  takes  pleasare  in  also  presenting  tbeir  memolra  to  American  Btndeats, 
a.Dd  OS  »  corrective  to  these  woald  refer  to  Mr.  Ferrel'a criticisiDS  In  "Nature"  for  1871 
asd  1872,  as  well  as  his  memoire  at  1650, 1859,  aod  1877. 

The  general  probleni  of  movement  on  tbe  earth's  sncfaoe  was  treated  of  in  an  imper- 
fect way  b;  nomeroas  authors  from  Hadley  nad  Newton  to  Laplace  and  Poisson.  Tbe 
latter  Id  1837,  la  bia  memoir  on  tbe  movements  of  projectiles,  omoDg  other  things, 
mentioned  the  deviation  of  tbe  projectile  to  the  light  prodocod  by  tbe  rotation  of  the 
eartb,  bat  appears  to  have  overlooked  its  importaooe  as  a  dynamic  law  and  to  have 
derived  it  from  ([eometricsl  ot  klnetle  principles. 

In  1633,  Professor  Johnson  pnbliehed,  in  the  Americaa  Jonrnal  of  Science,  a  memoir 
apon  his  rotascope.  In  1851,  Foucanlt  presented  to  the  Academy  of  ficieaces  of  Paris 
his  famons  pendalum  experiments,  and  snbsequently  his  gyroscope.  Both  these  antbots 
explained  the  phenomena  in  question  on  pnraly  kinetic  priaoiples,  or  on  the  presamed 
law  that  a  rotating  body  tends  to  preserve  its  axis  of  rotation.  Hereapoa  followed  a 
long  discoBsion  ia  tbe  Paris  Academy  (fnlly  reported  in  tbe  Comptes  Rendus,  tome 
xxxii-li,  1851-1660),  iu  which  many  eminent  men  took  part.  Poinsot  and  others  would 
explain  the  phenomena  by  the  purely  geometrical  laws  of  tbe  coroposition  of  rotations; 
bat  tbe  dynamics  of  tbe  problem  were  exposed  by  Birnet,  C.  B.,  1851,xxxi1,pp.  l!>7and 
ltf7;  byBabiaetjC.R.,  1669,  xlix,  pp.638,  686,  and  769;  Delaunay,  C.  B.,  1859,  xll,  p. 
683;  and  Foncelet,  C.  R.,  1860,  li,  pp.  467  and  511. 

Ueaawbile  the  gyroscope  also  was  exciting  renewed  attention  in  tbe  United  Btates, 
and  an  original  and  satisfactory  investigation  of  its  phenomena  (tbe  first  that  I  know 
of  based  on  correct  general  dynamical  principles)  was  published  by  Ferrel  in  1856  in 
tbe  "  Nashville  Journal  of  Medicine  and  Surgery,"  vol.  xi  (see  also  in  "  Gould's  Astron. 
Joar."  and  in  "  Bnnkle's  Math.  Mo:ith1y  "}.  Of  other  investigations  I  note  only  one 
(kinetic  and  not  dynamic},  by  General  J.  0.  Barnard,  in  Am.  Jour.  Scl.  (several  papers 
from  1855  to  1859),  see  also  bis  "  Problems  of  Botary  Motion"  iu  the  Smithsonian  Con- 
tributions, xlx,  and  his  article  "Gyroscope"  (where  fundamental  principles  are  intro- 
daoed)  in  Johnson's  Cyclopiedia,  N.  Y.,  1877;  also,  Snell  on  the  "Botascope"iii  Ann. 
Bep.  Secretary  of  the  Smithsonian  Inst.,  1855. 

Mr.  Ferrel'a  paper  on  the  gyroscope  was  immediately  preceded  by  his  first  essay 
(1856)  on  tbe  winds  and  oceanic  carrents,  an  elementary  paper  pabllsbed  in  the  same 
volnme  of  the  Nashville  Journal.  His  more  elaborate  mathematioal  memoir  was  fin- 
ished in  1858,  and  published  daring  IS39  and  1860, as  "  TheHotionaof  Flnida  and  Solids 
Belative  to  tbe  Earth's  Snrfooe,"  la  tbe  Mathematical  Monthly ;  separate  copies,  with 
a  few  additional  words,  were  struck  off  in  1860.  This  memoir  of  72  pages  has  been 
farther  elaborated  into  "  Meteorological  Researches,  Part  1,"  published  by  the  United 


448 


SnOET  MEMOIRS  ON  METEOItO LOGICAL   SUBJECTS. 


■.y(i-o.mQy) 


Fie.  I. 


to  lay  before  the  society  in  tbe  year  1869,  aod  vhicb  may  now  be  found 
amoog  the  memoirs  pnblisbeil  by  the  Danish  Society,  Grb  series,  vol.  9, 
part  III.  Id  tbatdissertation  I  showedthatif  a  corrent  of  water  moves 
on  a  cylindrical  anrface  perpendicnlar  to  its  rectilinear  elements,  tbe 
carrent  of  water  having  the  depth  H,  and  tbe  surface  of  tbe  corrent 
moving  with  the  velocity  T,  then  tbe  velocity  of  tbe  current  at  the 
depth  X,  beneath  the  tree  surface  of  the  water,  may  be  represented  by 

(!) 

when  tbe  resistance  to  the  motion  of  the  water  is  of  the  same  magnitude 
as  that  which  would  be  offered  by  an  underlying  mass  of  water  to  the 
current  rouning  above. 

In  tbe  present  cose,  wo  will  assume  the  cylindrical  surface  in  ques- 
tion to  bo  a  vertical  surface  of  revolntlon,  A  X  Y  B,  Fig.  I,  witbin  which 
the  current  of  water  moves  in  the 
direction  indicated  by  the  arrows. 
Ijet  G  Z  be  tbe  axis  of  tbe  cylin.  A 
der,  and  a  Oi  btb  be  the  free  sur- 
face of  the  current,  which  is  at 
tbo  distance  a  Z  =  n,  0  =  a  from 
tbo  axis,  and  at  tbe  distance 
Aa  =  Xa,=H  ft'om  the  exte- 
rior surrace  A  X  Y  B,  upon  which 
the  current  rotates.  If  it  is  now 
assumed  that  the  free  surface 
aaihib  rotates  witU  the  velocity  x 
V  about  the  axis  GZ,  then  any 
element  of  the  current  which  is  at  tbo  distance  m  Z  =  m,  C  =  r  from 
the  axis,  and  at  tbe  distance  ma  =  m,aj=x  from  the  free  anrface  of  the 
current,  as  I  have  previonsly  shown,  will  move  with  tbe  velocity  v,  as 
determined  by  formula  (1),  when  tbe  rotating  current  is  aunrounded  by 
an  exterior  mass  of  water  wbicb  resists  tbe  rotation.  It  can  then  be 
further  shown  that  within  this  rotating  volume  of  water  there  is  aftmuel- 
shaped  surface  a  a,  ftj  ,9,  bounded  witbin  by  the  inner  cylindrical  surface 
a  a,  bi  b,  and  without  by  tbe  outer  cylindrical  surface  A  X  Y  B,  in  wbicli 
tbe  pressure  at  all  points  la  eqnal ;  but,  beside  this  level  surface,  there 
is  an  endless  number  of  other  level  surfaces  iu  the  fluid,  both  above  aod 
below  the  surface  ooi&,j9.  All  these  surfaces  are,  meantime,  ao  situ- 
Stotes  Cwwt  Sorvey,  1877.  ForotberpaperBonthlesnbJectbj  theMmeMllior  •eoAm. 
Joor.Sci.,  1801,1874;  Nktore,  1871,  iv,  p.  2S6;  1812,  v,  p.  384;  1878,  Ti,  p.  <J2.  Of 
ailditioDol  recent  literature  ralating  to  molione  upon  the  earth  we  will  ool/  mtntioii 
Hansen,  Theorio  der  Pendeabewegnng,  1866 ;  E.  Thomion,  Rep.  B.  A.  A.  8.,  1857 ;  D. 
VnUBhan,  Rep.  B.  A.  A.  8.,  1869 ;  Everett,  L.  D.  E,  Phil.  Mag.,  1871  j  alio  in  hit  tnuw- 
lation  of  DeMbanera  Pbllowphy;  Coldiog,  Danske  Vid.  Skab.,  1963,1871;  Natnre, 
lp71,v,  pp.  71,  91,  andll2;  Schmidt,  Vieona  Mitt.  Oeog.Oesell,,  1877;  Finger,  Tienna 
Jlonatshefte,  1877 ;  Onldberg  and  Mobn,  £tudea  iar  lea  HouTenune  de  I'Alinoaphtoe, 
Cliristiania,  ie7C;  Zcit.  Oest.  Mel.  GeBell.,  I87G,  1877. 
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ated  that,  by  moriDg  from  the  level  surface aoibifi upvanl  parallel  with 
the  axis  of  rotation  C  Z,  ve  intersect  the  entire  series  of  level  sarfaces 
which  is  formed  in  the  rotating  volume.  For  each  of  these  level  sar- 
faces, the  pressare  apon  a  auit  of  surface  ia  constaot ;  bat  when  we  go 
from  one  level  enrface  to  the  next,  the  pressare  diminishes  as  we  go 
Qpward,  while  it  increases  as  we  go  dowoward  toward  the  groaad 
plane  XY. 

In  order  to  prove  the  correctness  of  this  statement,  we  will  consider 
an  element  of  the  rotating  flaid,  which  is  at  the  distance  r  from  the 
axis  of  rotation,  and  which  moves  with  a  velocity  of  v.  If  we  consider 
the  direction  C  Z  as  positive,  we  shall,  as  ia  well  known,  have,  since  j» 
iudicates  the  pressare  opon  a  unit  of  surface  for  the  element  in  qnes- 
tion, 

where  p  indicates  the  density  of  the  fluid  and  g  the  force  of  gravity.    For 

each  of  the  level  surfocea  of  the  fluid,  the  pressure  p  is  constant,  and 

dp  =  0,  therefore 

gdz^^dr,         or        ^  =  J--  (2) 

.  r      '  dr     g.r 

independently  of  the  density  p.  From  this  equation,  together  with 
eqnation  (1),  are  deduced,  directly,  the  above-stated  propositions  con- 
cerning the  level  surfaces  of  the  rotating  volume  of  water.  If  the 
expression  for  the  cnrrent's  velocity  v,  as  given  by  equatiou  (1),  is  sub- 
stitnted  Id  equation  (2),  and  this  equation  is  then  integrated  by  making 
r  =  a-^x,  and,  for  the  sake  of  brevity, 

X=[l -0.188  (^-^yinat  log(l-l-j) 

-1.732  (jy,^.  71+0.577  7|(3J--) 

+  0.0625|.[(^y-|-  +  3(jy]. 
we  obtain 

«  =  ^,  +  ^.X,  (8) 

in  which  the  arbitrary  constant  ^  represents  the  value  of  z  for  a;  =  0* 
so  that  formula  (3)  is  the  equation  for  any  plane  snrfoce  in  the  rotating 
flaid.* 

If  we  now  consider  formula  (1),  which  is  applicable  to  water,  together 
with  formnla  (3),  which  Is  based  upon  the  same,  while  formula  (2)  is  of 
general  application,  we  shall  see  that  in  a  rotating  volume  of  water  ths 
velocity  of  the  rotation  increases  from  the  exterior  surface  of  such  vol- 

'  NoTB  BV  THE  Tbanslator.— The  above  fornmlo)  neglect  the  inflnence  of  the  rota- 
tion of  the  eartb,  and  are  therefore  applicable  atrictly  only  to  tornadoes  KUd  small 
oydoncs,  or  to  oyclones  within  the  tropics.— C.  A. 

29  s  KH^Ic 
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nme  toward  the  center,  bat  ceases  jast  at  the  ianer  oyliodrical  Borface 
(siDce  tbc  velocity  becomes  imaginary)  for  all  valaes  of  r  <  a,  to  vhioli, 
also,  according  to  (3),  correspoad  only  imaginary  level  snrfeces.  By 
passing  crosswise  tbrougli  snch  a  rotatiog  volnme,  one  therefore  meets, 
as  is  easily  seen,  nith  conditions  which  harmonize  vitli  what  is  known 
concerning  hnrricaues  in  the  tropics,  since  the  velocity  of  rotatioD  in 
the  hurricane  increases  from  the  exterior  inward  toward  the  axis  ap  to 
a  certain  ilistaDce  a  from  the  same,  where  the  hnrrieane  reaches  its 
greatest  violence,  bat  beyond  which  even  the  most  violent  hurricane 
is  thereafter  sudilenly  succeeded  by  an  absolute  calm,  which  continues 
until  one  has  passed  to  an  equally  great  distance  a  beyond  the  axis.  At 
the  instant  when  that  distance  is  pa^ed,  tbe  hurricane  recommences 
with  the  same  violence  as  at  the  moment  preceding  its  cessation,  but 
from  the  opposite  qaarter,  and  from  this  time  forth  the  force  of  the 
hurricane  decreases  in  the  same  ratio  as  it  bad  previously  increased. 
But  in  another  respect  also  a  remarkable  agreement  is  fonnd  between 
the  rotating  volumes  of  water  under  consideration  and  the  rotating  vol- 
ume of  air  in  a  hurricane.  It  appears,  namely,  from  formula  (3)  that 
since  the  pressure  upon  a  unit  of  surface  of  each  level  surface  is  equal 
at  all  its  points,  and  tbe  pressure  upon  every  point  of  the  surface  ai  Oi  bi  ^, 
for  which  Zg  f  0,  is  equal  to  tho  pressure  at  ai  hi  in  the  grooud  plane  XY, 
therefore  the  pressure  must  increase  as  we  move  over  Uie  ground  plane 
X¥  ft'om  tbe  suifaee  a\  bi  toward  tbe  exterior  surface  XT  of  the  rotating 
Volume.  If  we  are  at  the  arbitrary  distance  C  ffii  =  r  from  the  axis  CZ, 
we  have  above  us,  beside  tbe  preseure  at  tbe  point  at,  tbe  pressure  of  a 
column  of  water  of  the  height  mi  o  =  e,  and  It  is  therefore  evident  that 
the  excess  of  pressure  at  the  distance  r  =  a -|- a;  from  tbe  axis  above 
the  pressure  in  the  calm  space  in  the  center  of  the  rotatisg  volnme  ie 
expressed  by  the  weight  of  a  column  of  water  of  the  height  z,  as  deter- 
mined by  formula  (3). 

As  DOW  it  is  known,  from  the  observations  which  have  been  made  dur- 
ing the  prevalenoe  of  hurricanes,  that  conditions  are  met  with  in  these 
rotating  masses  of  air  which  correspond  exactly  to  those  which  I  have 
pointed  out  in  rotating  masses  of  water,  and  as,  moreover,  I  have  shown 
in  a  former  paper,  which  will  be  fonnd  at  page  1  of  the  Selskabets 
Oversigter  for  Aaret  1865,  that  tbe  laws  of  tbe  movements  of  agrifbnn 
bodies  may  be  eud,  within  the  linut  of  accuracy  with  which  the  experi- 
ments on  the  movements  of  fluids  have  hitherto  been  made,  to  be  identi- 
cal with  the  laws  which  govern  the  movements  of  liquids,  if  OBly  tbe 
diminution  of  pressure  that  ocoors  is  represented  by  a  colamo  of  the 
fluid  under  consideration ; — I,  therefore,  believe  that  there  is  groDud  for 
the  assumption  that  fonnnJa  (1)  will  hold  good  not  only  for  water,  bat 
also  for  the  movement  of  gases  when  the  rotating  mass  is  sarroonded 
by  an  exterior  mass  of  air  which  resists  Its  rotation.  Experience  must 
decide  whether  I  am  right  or  not  in  basing  my  theory  upon  Qiia  hypothe- 
sis.   For  the  purpose  of  examining  at  onoe  how  fas  this  theory  of  abnos- 
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pberic  wbirlniads  barmoDizes  vith  natare,  I  will  compare  its  resalts  witb 
tbe  phenomena  tbat  were  observed  at  St.  Thomaa,  Angnsta,  1837,  when 
the  so-called  Antigna  hamcane,  which  ia  described  by  ProfesBor  Dove 
in  Poggendorff's  Annalea  der  Physik,  vol.  62,  passed  over  the  island, 
caasing  fearfal  havoc  both  there  and  on  the  island  of  Porto  Bico,  which 
ia  sitaated  at  a  distance  of  20  Danish  miles*  from  St.  Thomas. 

The  phenomena  observed  as  prevailing  daring  tbe  barricaue  were, 
according  to  Professor  Dove,  as  follows: 
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In  view  of  the  above  data,  we  may  consider  that  the  bnrrieaae  raged 
from  the  northwest  until  the  calm  apace  reached  the  island,  and  that  it 
again  saddenly  borst  forth  from  tbe  sontheast  after  its  center  had  passed 
BU  ThMDas.  The  progressive  movement  of  the  hniricane,  which,  from 
general  experience,  w«  mi^  consider  as  having  been  niiform  daring  the 
time  of  ita  pa«age  over  tbe  island,  may  therefore  be  assumed  to  have 
been  In  a  west-sonthwesterl;  direetioD  toward  Porto  Blco.  If  we  now 
observe  that  in  each  a  rotating  mass  the  pressore  of  the  air  most  be 
considered  as  eqnal  at  all  points  that  are  equidistant  from  the  axis  of 


*  The  DaniBh  mils  is  equal  to  about  4^  English  milea. 
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TotatioD,  and  if  we  next  observe  tbat  at  the  time  when  the  center  of 
the  barricane  passed  over  St.  Tbomas,  at  aboDt  8  o'clock,  the  pressure 
of  the  air  there  was  316  Hoes,  wbile  at  Porto  Bico  it  was  333.3  lines,  we 
shall  see  tbat,  at  a  distance  of  20  (Danish)  miles  from  the  axis  of  the 
bnrricaDe,  the  pressure  of  the  air  was  17.3  lines  greater  than  at  the  cen- 
ter. But  if  we  farther  consider  the  foregoing  table  of  airpressarea,  it 
will  be  seen  that,  while  the  hnrrlcaue  was  approaching  St.  Thomas,  the 
pressure  of  tbe  air  there  was,  at  4.15  a.  m.,  equal  to  the  pressure  at  Porto 
Kico  at  S  o'clock,  and  that  this  pressure  of  the  air  was  again  reached  at 
St.  Tbomas  at  11  a.  m.,  when  the  hurricane  was  leaving  the  island.  Id 
the  course  of  C^  hours  (from  4J5  nntil  11  o'clock)  the  hnrricane  moved 
about  40  miles  (Danish).  Its  velocity  was,  therefore,  about  6  miles  per 
hour,  and  this  agrees,  in  a  measure,  with  an  observatioD  made  on  the 
island  of  Porto  Bico  at  12  o'clock,  according  to  which  the  center  of  the 
hurricane  seems  to  have  traversed  a  distance  of  20  miles  in  about  four 
hours. 
In  the  annexed  Figure  2, 1  have,  according  to  the  foregoing  table  of 


atmospheric  pressores,  observed  on  tbe  island  of  St.  Tbomas  during 
the  burricaue,  lepreeented  the  time  of  observation,  expressed  in  hours, 
as  the  abaci«a,  and  the  observed  pressure  of  the  air,  indicated  by 
tbe  height  of  the  mercnry,  expressed  in  lines,  as  the  ordinate  to  a 
carve,  corresponding  to  tbe  pressures  of  the  air  prevailing  during  the 
hairicane.  By  the  aid  of  the  points  thus  designated,  I  have  snbse- 
qnently  drawn  tbe  two  branches  of  the  curve  as  given,  which,  jadgiog 
from  the  entire  series  of  observations,  ma;  be  considered  as  correspond- 
ing to  the  pressures  of  the  nir  which  were  really  exerted  daring  the  hnr- 
ricane; and  since  I  have  commenced  with  the  lowest  pressure  (310  lines) 
that  was  exerted  while  the  center  of  the  barricane  waci  passing  over  St. 
Thomas,  it  is  evident  tbat  tbe  curve  thus  constructed  may  be  compared 
with  tbe  previously  mentioned  curve  a  oi  bi  fi,  fig.  1,  the  equation  of 
which,  witb  rectangular  co-ordinates,  is: 

.=p.x.  w 
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As  we  bave  seen  that  the  progress  of  the  barricane  ma;  be  compated 
to  bave  been  equal  to  six  miles  per  hoar,  I  bave  divided  the  hour  into 
Bix  parts;  each  of  these  parts,  therefore,  corresponds  to  a  length  =  1 
mile,  and  the  girea  curve  may  thus  be  considered  as  lepresenting  the 
atmospheric  pressure  across  the  entire  mass  of  air  composing  the  bniri> 
caoe.  With  reference  to  the  curved  line  tbns  constructed,  I  will  remark 
that  the  curve  everywhere  lies  within  the  limits  of  the  probable  error, 
since  it  is  expressly  stated  in  Professor  Dove's  description  that  the 
barometer  was  in  sacb  a  state  of  agitation  that  the  mercury,  at  every 
violent  gast,  soddenly  fell  two  lines,  but  rose  Imniediatcly  afterward  to 
its  Qsaal  height. 

The  first  tbiog  that  we  now  perceive,  when  we  cast  a  glance  at  the 
two  branches  of  the  given  curve,  is  that  these  mny  be  considered  as 
symmetrical  curves  with  reference  to  the  vertical  line  G  Z,  which  passed 
over  St.  Thomas  at  T"  52'°;  and  this  symmetry  therefore  aatborizes  us 
to  consider  the  lino  C  Z  as  the  axis  around  which  the  rotation  took 
place.  In  view  of  this,  we  may  assume  that  the  radios  of  the  circom- 
Bcribiog  cylinder  of  the  calm  space  in  the  middle  of  the  hurricane  was 
a  =  0.4  hours  =  2.1  miles.  And  if  we  next  suppose  that  the  rotating 
mass  proper  extended  over  the  entire  space,  in  which  the  pressure 
decreased  proportionately  iuward  toward  the  center,  and  especially 
that  the  rotating  mass  reached  oatword  to  the  point  where  the  pressare 
of  the  ^r  was  only  two  lines  less  than  the  normal  pressure  (336'"),  we 
may  make  the  radius  of  the  exterior  circomscribiog  surface  of  the 
rotating  mass  {a  +  B)  =  4.4  hoars  =  26.4  miles;  and,  as  a  consequence 
thereof,  the  thickness  S  of  tbe  rotating  mass  =  24  miles.  Daring  the 
prevalence  of  the  Antigua  hurricane,  tbe  radios,  therefore,  of  tbe  space 
where  there  was  no  wind  was  a  =  0.1  JS.  And  since  the  radina  of  any 
element  of  the  rotating  mass  is  designated  by  r  =  a  4- «,  it  will  farther 
be  easy,  according  to  the  constracted  curve,  to  determine  the  amoant 
of  pressare  that  was  exerted  at  tbe  places  in  the  hurricane  which  cor- 
respond to  values  of  x  equal  successively  to 

0.1  B;  0.2^;  0.3  S;  OAS;  0.5  H;  0.75  S;  indS. 

By  seeking  in  the  figure  the  corresponding  pressures  given  by  tbe 
carve  for  the  increasing  hurricane,  we  find  the  heights 

z  =  6.0;  =  10.3;  =  13.0;  =  14.8;  =  16.0;  =  17.5;  =  18.4  Paris  lines. 

And  by  looking  for  these  pressures  in  tbe  carve  of  the  abating  hniri> 
cane,  we  find 

g  -  6.6;  =  10.6;  =  13.4;  =  15.2;  =  10.2;  =  17.5;  =  18.2  Paris  lines, 
from  which  are  obtained,  as  mean  nambers, 

z  =  6.3;  =  10.4;  =  13.2;  =  15.0;  ==  16.1;  =  17.5;  =  18.3  Paris  lines. 

If  we  now  consider  the  formula  (4),  in  which  X  has  the  value  deter- 
mined by  the  formula  (3),  which  value  is  seen  to  be  a  real  number,  we 
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ma;,  iu  like  manuer,  easily  compate  tbe  presenre  z,  correaponding  to 
the  above  given  raluos  of  x  and  a.    Computing  tbe  valoe  of  z,  we  get, 

2=0.65^!;     =1M^:     =1.33—;     =1.51—; 
9  9  9  9 

=  1M—;    =1.83Z!;     =1.91—. 
9  9  9 

If  we  Dotr  institnte  a  comparison  between  the  compated  aod  the 
observed  valnes  of  z,  it  becomes  evident  that  the  compnt^l  valoea  stand 
in  a  constant  ratio  to  the  observed  valnes,  as  would  be  the  case  if  the 
theory  which  has  been  advanced  concerning  atmospherio  whirlwinds  is 
correct.  If  we  therefore  make  tbe  computed  valnes  of  *  equal  to  the 
corresponding  observed  pressures  z,  we  get  several  eqaations,  which 

may  serve  to  determine  the  constant  (  —  ] ,  and  thus  we  obtain,  as  a 

mean  namber: — =9.76  Paris  lines.  If  this  mean  value  is  substituted 
9 

V 
in  tbe  formula  (4)  for  — ,  it  is  easy  to  compnte  the  pressures  which  cor- 
respond to  the  distances 
x  =  Q;x  =  fi.lS;  =  0.2jffj  O.Sif}  0.4^;  =  0.5  Jj^O.TSif;  =1.0  B. 

These  computed  pressures  are  thus  found  to  be : 
?=0;  =6.34;  =10.36;  =12.98;  =14.74;  =16.01;  =17.86;  =18.64; 
while  the  above  observations  gave 
z  =  6;  =  6.3;  =10.4;  =13.2;  =  16.0;  =  16.1;  =  17.5;  =  18.3;  Paris  lines. 

So  complete  an  agreement  is  therefore  seen  between  the  observed  and 
the  computed  pressures  at  every  place  in  the  hurricane  that  we  may 
draw  tbe  conclusion  that  tbe  formula  (4)  is  correct,  and  that  the  correct- 
ness of  the  theory  is  cooflrmed  by  nature.  But  if  the  theory  is  correct, 
and  we  therefore,  for  the  hurricane  now  under  consideration,  have  tbe 

pressure  —  =  9.70  Paris  lines  =  22.0  millimeters  of  mercury  =  710  feet 

of  air,  it  then  further  follows  tbat  tbe  greatest  velocity  of  tbe  bnrrioane 
was :  V  =  140  feet  (47.6  meters)  per  second,  or  something  near  to  the 
greatest  hurricane  velocity  of  which  we  have  any  knowledge,  which  also 
agrees  with  the  violence  with  which  the  Antigua  hnrricauo  raged. 

We  are  now  further  able  to  determine  tbe  limits  of  tbe  hurricane 
proper,  a  term  which  is  usually  considered  to  apply  to  winds  that  have 
velocity  of  120  to  150  or  more  feet  per  second;  for  if  in  formula (1)  we 
make  ti  =  120  feet,  and  F=s  140  feet,  we  And  tbe  required  distance 
X  =  0.53  E  =12.7  miles.  Tbe  burricaneproper  began,  therefore,  at  abont 
half  past  five  o'alock  at  a  distance  of  about  flfc«en  miles  fh>m  the  axis, 
and  ceased  at  half  past  ten  o'clock,  or  two  and  one  half  hours  after  tbe 


SHOKT  MEM0IB8   OS  MBTEOEOLOOICAL   BUBJECT8,  455 

axis  of  the  harricane  had  passed  St.  Thomas.  In  Professor  Dove's 
paper,  the  statement  is  made  that  the  harricane  hegfm  at  6^  o'clock 
and  ceased  at  11^,  which  statemeot,  however,  is  supposed  to  haro 
been  made  only  by  estimate;  at  all  events,  experience  in  this  matter 
seems  to  correspond  pretty  well  with  what  is  obtained  by  compntation. 
If,  in  conclusiou,  we  seek  the  velocity  with  which  the  outer  portion  of 
the  mass  rotated,  we  find,  according  to  formnla  (1),  by  therein  making 
x  =  M,  that  the  reqnired  velocity  was  84.5  feet  =  27.4  meters  per  sec- 
ond, or  12.6  miles  per  honr.  If  this  velocity  is  compared  with  the  pro- 
gressive velocity  of  the  harricane,  which  we  have  found  to  be  about  6 
miles  |)er  hoar,  it  is  seen  that  the  rotating  mass  advanced  with  a  rapid- 
ity which  was  about  half  as  great  as  its  exterior  velocity  of  rotation. 
This  circumstance  points  to  another  which  we  may  observe  when  a  cur> 
rent  of  water  runs,  for  instance,  through  the  arch  of  a  bridge  into  some 
Btil)  water  below  the  bridge.  In  such  a  case,  I  have  bad  occasion  to 
observe  that,  between  thecnrrcutandthestill  water,  eddies  are  formed, 
which  move  forward,  as  if  rolled  by  the  passing  current  of  water  toward 
the  still  water,  and  I  have  found  that  the  advancing  velocity  of  the 
mass  was  pretty  nearly  half  as  great  as  its  outer  velocity  of  rotation, 
which  latter  was  abont  equal  to  (he  velocity  of  the  passing  current  of 
water. 

I  have,  unfortunately,  not  been  able  to  study  the  movement  of 
rotating  masses  of  water  more  thoroughly}  but  since  it  seems  that  the 
laws  governing  their  movement  harmonize  with  those  which  govern  the 
movement  of  atmospheric  whirlwinds,  I  think  that  a  careful  esamina- 
tioa  of  rotating  masses  of  wat«F  would,  in  all  probabUity,  throw  much 
light  upon  the  movements  of  hurricanes. 

Let  as  now  consider  a  fluid,  water  for  instance,  which  is  considered  as 
rotating  nniformly  around  a  vertical  axis;  but  let  us  disregard  the  rota- 
tion, Jnst  as  we  usually  disregard  the  rotation  of  the  earth  with  which 
we  move.  There  will  then  be  an  equilibrium  at  each  of  the  level 
surfaces  of  the  fluid,  and  each  particle  that  is  upon  snch  a  level  surface 
will,  when  no  other  forces  disturb  the  equilibrium,  be  at  rest,  independ- 
ently of  the  rotation.  If  we  now  imagine  ourselves  to  be  sailing  in  a 
boat  opon  the  ^ee  surface  of  the  water,  or  upon  any  level  parallel 
thereto,  for  instance,  upon  the  level  which  is  designated  in  Fig.  1  by  the 
letters  a  O]  &i  j9,  while  the  boat  is  supposed  to  rotate  with  the  velocity  of 
the  water,  it  is  clear  that,  since  the  level  surfaces  are  normal  to  the 
resultant  of  the  acting  forces,  we  may  sail  over  the  level  surface  in  ques- 
tion Jnst  as  easily  as  we  can  sail  upon  a  horizontal  surface  of  still  water, 
which  is  acted  upon  only  by  the  force  of  gravity. 

If  this  is  the  case,  and  if  we  next  consider  a  body  of  water  which, 
being  contained  in  a  reservoir,  has  a  horizontal  surface,  upon  which  only 
tho  force  of  gravity  is  uniform,  and  imagine  a  new  mass  of  water  to  be 
let  into  the  reservoir  at  a  certain  point,  the  previous  equilibrinm  is 
destroyed  by  the  entering  water,  and  does  not  return  until  the  water 

,1  zed  by  Google 


456  SHORT  MEM0IB8  ON   HETEOBOLOQICAL  SnBJECTS. 

bas  become  aDiformI;  distributed  ander  a  new  horizontal  8urface  lyiog 
somewhat  higher.  If,  on  the  coDtrary,  a  permaDeDt  stream  flows  ioto  the 
reservoir,  the  conditions  are  changed,  since  the  iinrface  of  the  water  does 
not  come  to  a  permanent  stand  until  the  inflnx  and  the  efBox  hold  each 
other  in  equilibriam;  then,  however,  the  sarface  of  the  water  in  the 
reservoir,  as  well  as  ever;  other  level  surface,  has  a  descent  toward  the 
efSux,  which  descent  will  then  obtain  over  the  npper  surface  of  the 
whole  reservoir  when  the  latter  is  full  to  the  brim,  aiid  the  point  of 
influx  is,  for  iustance,  in  the  middle  of  the  bottom  of  the  reservoir.  In 
perfect  accord  with  this  also  mast  be  the  condition  in  a  permanently 
rotating  fluid,  when  a  constant  influx  into  it  is  taking  place;  for  if  a 
permanent  influx  goes  on  from  without  at  any  point  of  a  rotating  mass 
of  water  or  other  liqaid,  the  pressure  in  the  rotating  mass  will  be 
increased  at  all  points,  since  the  surface  of  the  water,  and,  at  the  same 
time,  all  the  parallel  level  surfaces  of  constant  pressures,  must  neces- 
sarily take  a  higher  stand,  and  an  inclination  to  the  original  surfaces  of 
equilibrium  corresponding  to  the  influx  from  the  point  of  influx  ontward 
in  all  directions  in  which  the  fluid  can  flow  away. 

If  this  is  correct,  however,  and  we  further  consider  that  a  rotating 
mass  of  air  can  resist  the  external  atmospheric  pressure  only  when  the 
velocity  of  rotation  Is  of  a  determined  magnitude,  it  will  also  t>e  readily 
seen,  both  that  a  great  quantity  of  air  must  flow  from  without  to  the 
rotating  mass  along  the  surface  of  the  earth,  and  that  this  permanent 
current  of  air  must  again  flow  away  to  the  outside  in  the  direction  of 
the  level  surfaces.  When,  furthermore,  such  a  rotating  mass  of  air 
mores  over  the  surface  of  the  earth,  it  meets  with  manifold  resistances^ 
which  diminish  its  velocity  of  rotation,  and  give  rise  to  those  violent 
gusts  that  are  observed  daring  the  prevalence  of  hurricanes.  The 
diminution,  thus  occasioned,  of  tbe  velocity  of  rotation  at  the  surface  of 
the  earth,  then  gives  the  superiority  to  the  external  pressure,  and  this  pro- 
duces both  the  aforementioned  affiux  of  ext4^mal  air  and  the  compression 
of  the  air  In  the  lower  parts  of  the  mass,  whereby,  on  the  other  hand,  the 
air  is  again  gradually  driven  away  toward  the  exterior  along  the  level 
surfaces  in  proportion  to  its  inflow  below  toward  the  center  of  the  whirl. 

This  explains  the  screw-shaped  formation  which  is  very  often  observed 
daring  the  prevalence  of  small  whirlwinds,  water-spouts,  &c.,  since  the 
moss  of  air  which  rushes  in  from  without  along  the  surface  of  the  earth 
must,  while  so  rnshiug  in,  be  set  into  rotatory  motion  by  the  whirlwind. 
It  hereby  also  becomes  evident  that  in  a  whirl  the  direction  of  the  wind 
along  the  surface  of  t^e  earth  cannot  be  perpendicular  to  the  radius  of 
rotation,  but  on  the  contrary,  and  its  inclination  bas  been  quite  correctly 
adduced  by  some  meteorologists  as  a  proof  that  an  ioflax  of  air  toward 
the  axis  does  occur  in  whirlwinds.  It  is  manifest  that  the  masses  of 
air  which  rush  in  along  the  surface  of  the  earth  mnst  have,  as  is  actually 
observed  in  nature,  a  tendency  to  diminish  the  velocity  of  rotation  and 
to  increase  the  diameter  of  the  rotating  mass. 
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After  baring  sbown,  as  I  have  previously  done,  tbat  the  same  laws 
that  govern  tlie  movements  of  water  in  general  also  govern  tbe  move- 
ments of  carrents  of  air,  and,  after  having  sUowa  in  this  paper,  that  the 
same  laws  tbat  govern  tbe  movements  of  water  in  canals  and  free  ear- 
rents  in  the  sea  also  govern  tbe  movements  of  the  large  masses  of  air 
which  form  harricanes,  I  consider  it  almost  as  a  necessary  consequence 
tbat  currents  of  water  In  the  sea  and  carrents  of  air  in  tbe  atmosphere 
are  subject  to  the  same  natural  laws.  Basing  my  theory  henceforth 
upon  tbe  correctness  of  this  assamption,  I  shall  now  endeavor  briefiy  to 
point  out  bow  the  great  carrents  of  air,  which  are  subject  to  the  same 
laws  as  the  corresponding  currents  in  tbe  sea,  move  in  tbe  atmosphere. 

Jost  as  I  endeavored,  in  my  former  paper  on  marine  currents,  to  show 
tbat  the  first  cause  of  those  general  cnrreots  must  be  songht  in  the  fact 
that  the  tropical  heat,  by  warming  the  water  of  tbe  sea,  diminishes  its 
speci&o  gravity  to  such  an  extent  that  its  surface  is  forced  to  rise  to  n 
greater  height  in  tbe  tropics  than  can  be  con«stent  with  the  eqnilibriam 
of  the  water,  thus  I  also  believe  tbat  it  is  proper,  generally,  to  assume 
that  the  main  carrents  Id  the  atmosphere  are  caused  by  the  fact  tbat 
the  air,  by  reason  of  its  diminished  density  under  the  equator,  is  forced 
to  rise  to  a  considerably  greater  height  than  can  be  consistent  with 
equilibrinm  in  respect  to  tbe  masses  of  air  which  are  outside  of  the 
tropical  regions.  Because  tbe  height  of  the  atmosphere  within  tbe  trop- 
ics Is  greater  than  it  is  elsewhere,  the  level  snrfaces  in  tbe  upper  iwr- 
tioDS  of  the  atmosphere  of  the  northern  hemisphere  have  an  icclinatioD 
toward  the  north,  and  since  tbe  air  mast  follow  the  inclination,  this 
opper  portion  of  the  atmosphere  mast  move  in  a  northerly  direction  in 
the  northern  hemisphere.  In  this  manner  is  produced  an  equatorial 
current  of  air,  which  is  called  the  anti-trade-wind;  but,  during  the  move- 
ment of  this  earrent  toward  tbe  north,  the  force  of  the  earth's  rotation 
makes  itself  felt  and  carries  the  movement  more  and  more  over  in  an 
easterly  direction.  While  the  air  nnder  the  equator  thus  rises  and 
roebes  away  toward  tbe  north  pole  and  sooth  pole  in  the  opper  portions 
of  the  atmosphere,  tbe  colder  and  heavier  masses  of  air,  impelled  by 
the  force  of  gravity,  rush  from  the  north  and  soath  along  tbe  surface  of 
the  earth  toward  the  equator,  because  the  level  sur&ces  in  tbe  lower 
portions  of  the  atmosphere  have  an  inclination  toward  tbe  equator,  since 
the  pressure  of  the  air  is  greater  oatside  of  the  tropics  than  nnder  the 
equator;  bat  of  course  tbe  rotation  of  tbe  earth  again  exerts  its  inflnence, 
and  gradnally  changes  the  north  wind,  which  seeks  its  way  down  toward 
tbe  equator,  into  a  northeasterly  wind,  which  we  call  the  northeast 
trade- wind,  and  concerning  which  I  will  here  remark  that  it  is  probably 
this  colder  current  of  air  that,  by  its  coutact  with  the  ascending  calm 
damp  masses  of  air  within  the  tropics,  produces  the  violent  hurricaDes, 
with  their  frightful  electric  discharges  and  immense  falls  of  rain,  which 
occur  in  West  Indian  waters. 

As  the  upper  currents  of  air  in  tbe  atmosphere  get  beyond  tbe  tropics, 
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theair  grows  heavier,  and  gradaally  (in  tlieaortbem  bemispberc)  breaks 
its  way  toward  tho  nortb,  alongside  of  the  csold  carroits  of  tur  which 
moTd  toward  the  eqoator.  On  accoaut  of  the  force  of  the  earth's  rota- 
tion, the  eqaatorial  correutof  air  thus  appears  as  a  soDthwesterly  wind, 
while  the  polar  current  of  air  appears  aa  a  oortbeasterly  wiod  ia  the 
uortbem  hemisphere}  aod  thus  we  see  both  of  these  corrents  are  deflected 
by  the  force  of  the  earth's  rotatioo,  as  is  the  case  with  tbe  cnrrents  of 
the  sea.  On  both  sides  of  aoy  equatorial  current  tbere  uatarally  rima  a 
polar  carreut  of  air  ia  a  southerly  direction,  and  on  both  aides  of  everj 
polar  current  in  like  manner  an  equatorial  current  in  a  northeasterly 
direction,  and  bo  on  roand  the  entire  globe. 

If  we  now  direct  oar  thoughts  to  two  of  these  oeighboriag  cnrreDts, 
which  move  side  by  side  in  diametrically  opposite  directions,  and  if  we 
suppose  that  the  polar  current  moves  upon  the  west  side  of  the  equa- 
torial air-carrent  which  is  under  consideration,  it  is  evident,  from  what 
I  have  elsewhere  previoosly  shown  in  relation  to  the  Golf  Stream  and 
tbe  polar  carrent  which  runs  west  of  it,  that  both  tho  currents  of  air  in 
question  are  conetantly  tending  to  separate  &om  each  other.  Since  they 
do  not  separate,  however,  the  couseqaenoe  is  that  while  this  tendency 
exists,  a  rarefaction  of  the  air  takes  place  between  the  two  currents,  and 
iu  consequence  thereof  tbe  pressure  of  the  air  dimiuishes  toward  the 
dividing  surface  between  these  currents,  whereby,  at  every  point  of  tbe 
currents  referred  to,  precls^y  that  reaction  is  caused  which  is  required 
for  the  preservation  of  eqailibriam  with  the  force  of  rotation.  From  tbe 
dividing  surface  between  the  aforesaid  currents  of  air,  tbe  atmospheric 
pressure  must  therefore  increase  toward  both  sides,  if  the  currents  are 
to  continue  their  course  in  their  diametrically  oppoute  directions,  and 
the  increase  of  pressure  in  air-currents  for  any  transverse  distance  t  from 
tbe  dividing  surface  can,  if  it  is  measured  by  a  column  of  air  s  A,  be 
computed  according  to  a  formula  previously  given,  as  applicable  to 
ocean  currents,  viz :  • 

k     sin  0 sin*  ai  .v  ,_. 

i'r  =  -— 13735— '  <'i 

iu  which  V  denotes  tbe  velocity  of  the  air-current  at  the  latitude  0,  and  » 
the  angle  which  the  direction  of  the  current  forms  with  tbe  east  point 
of  the  circle  of  latitude,  —  tbe  whole  in  accordance  with  tbe  formula  (70) 
in  my  dissertation  upon  marine  current8.t  What  has  been  stated  shows 
that  the  atmospberio  pressure  in  these  currents,  when  tbey  are  of  the 
same  density,  must  diminish  toward  the  common  dividing  surface  of  the 

*  NoTK  DV  TDE  TnANBLATOR.—ThiB  formala  eboald  have  beea 

aa  bas  been  pointed  oat  b;  Ferrol  and  Hono.    Coldrng's  anor  zeanlCed  from  hftviDg 
considered  but  a  portion  of  Ibo  effect  of  the  earth's  Totatiun — an  error  that  also  pervodBi 
Ilia  elaborate  memoir  on  ocean  cacrents.    See  Ferrel  in  "  Natare,"  tS71,  iv,  p.  226,  and 
1672,  V,  p.  384. 
t  [An  sbatraot  of  this  memoir  It  (pveo  ia  ''  Natare,"  vol.  t,  p.  71  et  teg.— C.  A.] 
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correnlB,  and  tbat  the  level  saifoces  of  tbese  cnrreots  most  necesaarily 
hare  au  iDclinatioa  toward  the  commoa  bonadar;,  quite  io  accordaoce 
witli  wbat  takes  place  in  marine  curreDts ;  hence  it  I'urther  follows  that 
since  the  magnitude  of  the  gap  formed  between  the  level  surfaces  of 
the  two  currents  is  dependent  upon  the  velocity  of  these  currents,  any 
chance  stoppage  of  one  of  these  currents  will  caase  it  to  impinge  against 
the  other,  either  from  the  NW.  or  the  SB.,  thus  producing  an  eddy 
which  moves  "against  the  sun."  It  is  evident  that  so  long  as  the  cur- 
rent in  question  continues  its  motion,  the  force  of  the  earth'ct  rotation 
maintains  equilibrium  with  tbat  force  which  corresponds  to  the  iucliua- 
tion  of  the  level  surfaces  toward  the  dividing  surface  between  the  two 
currents;  bnC,  as  soon  as  the  motion  is  diminished,  the  force  of  gravity 
gets  the  upper  band,  and  an  eddying  movement  is  inevitable.  It  must 
now  be  considered,  however,  that  the  density  is  usually  different  for  the 
two  currents  under  consideration,  since  the  polar  air-current  is  generally 
of  greater  specific  gravity  than  the  equatorial  current,  and  the  relation 
between  the  two  air-currents  ia  therefore,  in  all  respects,  quite  iu 
harmony  with  the  relation  which  I  have  pointed  out  between  the  Gulf 
Stream  and  the  polar  cnneut  along  the  coast  of  America.  Since,  namely, 
the  pressure  in  the  upper  part  of  the  atmosphere  for  the  two  currenta 
cannot  be  very  dififerent,  the  pressore  in  the  lower  part  of  the  atmos- 
phere must  be  different  for  sir-currents  of  different  specific  gravities; 
and  since  two  essentially  different  pressures  cannot  exist  by  the  side  of 
each  other,  the  consequence  is  that  the  current  haviug  the  greater  spe- 
cific gravity  must  flow  sidewiae  into  the  current  having  the  less  specific 
gravity,  in  proportion  to  the  excess  of  pressure.  Since  now,  as  has  been 
said,  the  polar  current  usually  has  the  greater  specific  gravity  of  th(^ 
two  currents,  it  follows  tbat,  io  proportion  to  the  excess  of  pressure  of 
the  polar  current  above  the  equatorial  current  rouning  east  of  the  same, 
under  otherwise  nndistorbed  atmospheric  conditions,  a  considerable 
portion  of  cold  air  will  rush  from  the  northwest  into  the  equatorial  cur- 
rent, whose  air-preasnre  is  thereby  increased  as  far  as  the  cold  air  jieue- 
trates.  It  is,  however,  at  the  same  time,  evident  that  the  cold  air  which 
thus  penetrates  will,  as  soon  as  it  penetrates  into  the  warm  air,  wlich 
is  full  of  aqueous  vapors,  produce  a  condensation  of  tbese  vapors,  from 
which  a  cold  rain  from  the  northwest  or  west  will  result.  It  must  also 
be  evident  from  the  foregoing  that  nnder  disturbed  atmospheric  condi- 
tions eddying  winds  may  likewise  be  formed,  which,  nnder  extraordinary 
cirenmstances,  may  increase  to  tornadoes  or  hurricanes,  with  all  the 
corresponding  natural  phenomena. 

We  have  now  considered  the  natural  conditions  that  must  present 
themselves  upon  the  west  side  of  an  equatorial  current  when  a  polar 
current  runs  along  it  toward  a  southwesterly  direction,  and  we  will  now 
proceed  to  examine  what  must  be  the  conditions  upon  the  east  side  of 
snch  au  equatorial  current  when  a  polar  current  runs  alongside  of  it  in 
an  opposite  direction  toward  the  southwest.    In  the  first  place,  it  ia 
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dear  that  sioce  tbe  eqnatorial  carrent  moves  in  a  aortbeasterly  direc- 
tion, it  will  be  affected  by  tbe  force  of  rotation;  and  therefore  this  car- 
rent,  as  already  remarked,  caaDot  parsne  the  given  direction  unlesa  the 
air-presoare  increases  from  west  to  east  right  across  the  carrent,  as  for- 
mala  (6)  requires.  Bat,  on  tbe  other  hand,  it  is  also  evident  from  what 
has  been  said  that  the  polar  carrent  raoning  east  of  the  same  is  like- 
vise  onoble  to  pursue  the  given  direction  unless  tbe  air-pressure  in  this 
carrent  similarly  increases  from  east  to  west,  according  to  tbe  law  laid 
down  in  formula  (5).  For  these  two  currents,  therefore,  the  level  sar- 
faces  have  an  asnent  toward  each  other,  and  hence  it  results  that  both 
Borrents  are  kept  braced  against  each  other  by  the  force  of  rotation, 
while  each  of  them  seeks  to  crowd  the  other  out  of  its  place.  If  cor- 
rents  of  air  are  of  different  specific  gravities,  the  one  having  tbe  greater 
specific  gravity  must,  as  in  tbe  foregoing  case,  penetrate  into  the  other; 
and  since  it  is  generally  the  polar  carrent  whose  specific  gravity  is  tbe 
greater,  this  stream  will  usually  peoetrate  from  tbe  southeast  into  tbe 
eqnatorial  current,  and  give  rain  from  the  southeast  or  south.  An 
essential  difference  between  the  conditions  upon  tbe  east  side  of  the 
eqnatorial  current  and  tbe  condition  upon  the  west  side  of  tbe  same  is 
that  while  the  air-pressure  upon  tbe  west  side  of  the  equatorial  current 
is  always  relatively  low,  the  pressure  apon  the  east  side  of  tbe  satne 
current  is  always  relatively  high.  The  moat  remarkable  difference,  how- 
ever, is  perhaps  this,  that  although  in  tbe  region  between  the  eqnatorial 
current  and  the  polar  current  which  runs  east  of  it  calms  may  occur 
similar  to  those  which  tbe  great  air-whirls  produce  upon  the  west  side 
of  the  equatorial  current,  yet  a  whirlwind  of  any  magnitude  can  never 
be  formed  upon  the  east  side  of  tbe  equatorial  current,  because  the  force 
of  gravity  here  works  in  the  same  direction  as  the  centrifugal  force,  thus 
teDding  to  scatter  the  masses  of  air,  while  upon  the  west  side  it  works 
against  the  centrifugal  foree  and  holds  the  masses  of  air  together.  If 
we  now  further  consider  that,  in  the  very  nature  of  tbe  case,  tbe  rota- 
tory movements  that  take  place  aiwD  the  east  side  of  an  eqnatorial  car- 
rent  must  be  "against  the  snn,'''while  those  which  occur  upon  the  west 
side  of  such  a  current  must  be  "  with  tbe  sun,"  the  reason  is  at  onoe 
seen  why  all  revolving  tornadoes  and  hurricanes  must  rotate  against 
the  suu  in  tbe  manner  which  experience  has  shown. 

If  we  now  imagine  ourselves  to  be  in  a  polar  air-current,  and  moving 
under  normal  conditione  across  it  in  a  westerly  direction  toward  the 
equatorial  current,  we  shall,  according  to  tbe  preceding,  from  a  relatively 
cold  and  dry  northeasterly  wind,  with  a  high  barometric  pressure,  grad- 
aally  find  tbe  wind,  nnder  a  rising  air-pressure,  changing  to  an  easterly 
direction,  and  afterward,  under  a  slightly  diminishing  airpreshure, 
changing  into  a  rainy  but  somewhat  milder  southeasterly  wind.  Under 
a  constantly  diminishing  air-pressure,  with  milder  and  moieter  air,  tbe 
wind  passes  through  the  south  over  to  the  southwest,  and  we  tiieu  find 
ourselves  in  tbe  southwesterly  eqnatorial  current,  in  which  the  state  of 
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tbe  barometer  U  low  and  tbe  temperstare  relatively  bigb.  If  we  nov 
go  fartber  toward  tbe  west,  tbe  pressure  of  tbe  air  diminisbes  con- 
stantly, but  no  cbaDge  takes  place  ia  tbe  direction  of  tbe  wind.  Gradu- 
ally, however,  the  pressare  of  the  air  beginn  to  rise,  while  the  wind 
shifts  roaod  more  to  tbe  west  and  grows  somewhat  colder.  During  a 
constantly  rising  atmospheric  pressure,  the  wind  passes  through  tbe 
west,  and  becomes  a  cold,  rainy,  northwest  wind.  If  we  continue  our 
progress  toward  the  west,  the  pressure  of  the  atmosphere  rises  still 
higher,  the  wind  shifts  round  more  to  the  north,  the  air  becomes  clear, 
and  we  come  at  last,  under  a  constantly  rising  atmospheric  pressure, 
through  a  northerly  wind  into  tbe  next  northeasterly  polar  current.  If 
we  move  in  tbe  contrary  direction,  t.  e.,  from  west  to  east,  these  phe- 
nomena will,  of  course,  be  reversed.  What  I  have  desired  hereby  t« 
show  is,  tbat  if  we  travel  from  east  to  west,  when  everything  is  in  a 
normal  state,  we  shall  see  the  direction  of  the  wind  gradually  change 
in  tbe  manner  stated  by  Professor  Dove  iu  his  well-known  law  of  rota- 
lion,  according  to  which  the  wind  most  frequently  tnros  In  a  direction 
with  the  sun,  and  tbat  by  traveling  in  an  opposite  direction,  from  west 
to  east,  we  shall  see  tbe  direction  of  tbe  wind  change  according  to  the 
opposite  law.  Now,  since  Dove's  law  of  rotation  has  been  conSrmed,  in 
tbe  main,  by  the  observations  which  have  been  made  in  various  coun- 
tries,* one  is  led  to  assnme  that  the  atmosphere  has  a  movement  some- 
times from  west  to  east,  and  sometimes  from  cast  to  west  around  tbe 
earth,  which  seems  in  itself  to  be  quite  probable,  bat  one  is  led,  at  tbe 
same  time,  to  the  conclusion  that  tbe  easterly  movement  is  the  pre- 
ponderant one.  That  this,  moreover.  Is  really  tbe  case,  1  hope  the  fol- 
lowing will  plainly  show.  From  what  I  have  said  in  the  foregoing,  it  is 
evident  tbat  if  the  moving  masses  of  air  which  are  conveyed  from  the 
lower  to  tbe  higher  degrees  of  latitude  by  the  eqnatorial  air-currents 
were  of  tbe  same  magnitude  as  tbe  masses  of  air  which  are  carried  back 
by  the  polar  air-cnrrents  fVom  tbe  higher  to  the  lower  degrees  of  lati- 
tude— which  wonld,  of  course,  necessarily  be  the  case  if  the  air  from  the 
lower  to  tbe  higher  degrees  of  latitude  did  not  bring  with  it  moisture, 
which  is  thrown  off  on  the  way — then,  for  each  separate  degree  of  lati> 
tade,  it  wonld  be  necessary  tbat  the  snm  of  all  tbe  pressures  which  the 
force  of  the  earth's  rotation  would  exert  upon  the  masses  of  air  impelled 
toward  the  poles  from  west  to  east  should  be  equal  to  the  snm  of  atl 
the  pressures  which  tbe  same  force  would  exert  from  east  to  west  upon 
the  masses  of  air  which  moved  from  the  pole  toward  the  equator.  In 
such  a  case,  taking  all  tbiugs  together,  there  would  have  to  be  an  equi- 
librium between  the  forces  which  wonld  respectively  move  the  atmos- 
phere in  an  easterly  and  westerly  direction.  The  case  is,  however, 
different  in  reality,  since  the  mass  of  air  which  moves  toward  tbe  poles 
brings  with  it  a  considerable  quantity  of  aqueous  vapors,  in  consequence 
of  which  tbe  mass  of  air  which  rushes  toward  the  poles  is  always  con- 
*See  PiofeesoT  Holten's  paper  in  tbe  Tideoskabeos  Selakab  Overaigt  fiir  1863,  p.  113. 
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siderablj  greater  than  the  qnaatity  uf  air  wbiob,  at  each  separate  degree 
of  latitnde,  retnnis  tovard  the  eqaator.  Hence  it  evidently  follows  that 
the  atmoBphere  in  its  entirety,  with  the  excess  of  pressnte  which  takes 
place  fVom  west  toward  east,  must  move  irotn  west  to  east  aronnd  the 
firm  surface  of  the  earth ;  and  hence,  again,  it  follows  that  Dove's  law 
of  revoIntioQ  for  the  wiud  must  be  a  natnral  law. 

I  shall,  for  the  present,  not  consider  farther  the  couclasions  which  may 
probably  present  themselves,  and  that  may  be  deduced  with  regard  to 
the  phenomena  of  wind  and  weather.  It  seems,  howerer,  to  be  pretty 
clear  tbat  these  dedactions  may  be  more  important  than  anything  that 
we  have  hitherto  known  on  the  subject  we  have  been  considering. 


ON  THE    WHIRLWIND  AT   ST.  THOMAS   ON   THE   21st    OF 
AUGUST,  1871. 

[We  bei«  append  a  tnoslation  of  Hadii'b  extraote  (Zeitscbrlft,  x,  p.  141),  from  a  eec- 
ODd  memoir  by  Coldlog,  entitled  "  On  the  Whirlwind  at  8t.  Thomas  on  the  31st  of 
AagDBt,  1871,"  and  «hlcb  <a  pnbliBhed  at  page  10  of  the  volnme  foT  1871  of  the  "  Pro- 
ceedingB  of  the  DMiieb  Academy."] 

On  the  2l8t  of  Angast,  1871,**  a  whirlwind  passed  over  the  West 
India  Islands  in  the  direction  from  ESB  to  WNW.  The  reports  show 
the  average  velocity  of  its  progress  to  have  been  12  English  miles  per 
bonr.  The  center  of  the  hnrricane  passed  directly  over  the  city  of 
St.  Thomas  about  6  o'clock  p.  m.  Daring  the  whole  day  before  the 
ontbreak  of  the  hurricane  the  wind  blew  from  NNE  to  ENE.  The 
barometer  before  noon  stood  at  765.5  millimeters,  and  fell  about  1.5 
millimeters  from  morning  to  evening.  The  pressure  contiDued  foiling 
thioaghout  the  night,  and  the  wind  increased  in  force.  About  4  a.  m. 
of  the  2tst,  the  barometer  stood  at  763  millimeters,  and  remained  sta- 
tionary at  this  point  nntil  9  a.  m.  The  wind  blew  in  gusts,  with  squalls 
&om  the  east  and  northeast,  and  heavy  run  fell.  At  13.30  p.  m.,  the 
barometer  stood  at  760;  the  wind  was  more  northerly,  and  blew  in  fear- 
ful gnsta.  At  2.30  p.  m.,  the  pressure  waa  755.5  millimeters;  the  wind 
veered  to  northwest  at  3.30' p.  m.,  and  blew  with  terrific  power.  The 
heaviest  winds,  which  caused  great  damage,  occurred  about  4.30  and  5 
p.  m,,  and  came  from  the  northwest.  At  5  p.  m.,  it  suddenly  became 
still,  as  the  center  of  the  hurricane  drew  near.  The  city  was  enveloped 
in  a  thick,  dark  fog,  and  the  air  was  nnnatarally  quiet.  Dflring  this 
calm,  the  pressure  reached  its  lowest  point,  727.S  millimeters.  After  an 
interval  of  35  minutes,  the  hurricane  began  anew  with  heavy  squalls 

*  The  •abaeqnent  paUi  and  otbu  pbenomena  of  thie  hnirioane,  wUoh  paawd  over 
Ponta  Baua  on  the  33d,  were  saooetafallj  piedlcted  from  da;  to  day  In  adTaaoe  by 
the  present  tranalator  in  tbe  tri-daily  weather  probahUitlM  at  Aagnat,  1871,  ■•  pob- 
lUhed  by  tbe  Army  Signal  Office.— C.  A. 
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from  tbe  sonthwest  to  soatheaat ;  at  the  same  time  tbe  bsrometer  began 
to  rise.    Fire  series  of  meteorologioat  obserratiODB  dnriiig  thia  huni- 
oaoe  are  at  hand.    Tbe  observed  valnes  of  tbe  atmospheric  pressDre  for 
three  of  these  are  graphically  presented  in  Fig.  3. 
ncs. 


Tbe  most  complete  obeerrations,  oorre^tondiog  to  the  carre  through 
tbe  simple  points  (.),  Tvere  made  on  the  French  steamship  La  YiUedeBt. 
Nazaire,  Captain  d'Etroyat.  The  points  enclosed  in  cirdea  are  entered 
aecordiog  to  tbe  obBerraMons  on  the  ship  Tyne,  Captain  Taylor.  Both 
these  series  of  observations  vere  instituted  in  the  harbor  of  St.  Thomas. 
The  carve  designated  by  Caravelle  is  drawn  according  to  the  observa- 
tions on  tbe  steamer  of  the  same  name,  which  was  4  or  5  miles  nortli  of 
Porto  Bico,  at  a  distance  of  64  nantical  miles  &om  St.  Thomas. 

Tbe  whirlwind  began  at  St  Thomas  about  12.30  p.  m.  and  ceased 
about  9.30  p.  m.  Its  duration  was  therefore  9  honrs.  The  central  calm 
passed  St  Thomas  in  0.6  hours.  As  in  tbe  previous  case,  we  designate 
the  radius  of  tbe  calm  space  by  a  =  0.3  hoars  =  3.6  miles,  since  tbe 
velocity  of  its  progress  must,  according  to  the  observations,  bo  taben  at 
12  miles  per  hoar;  therefore  the  radius  of  the  whole  whirl  (adopting 
the  previoQS  notation)  is  a  +  ^=  4.5  honrs  =  54  miles,  and  therefore 

If  we  substitute  these  valnes  in  equation  (3),  we  ebtaio — 
X=.2.31og(l  +  14-j)-0.033tang-'^14j+0.B77^(0.214-j) 
+  0.0625  ^  j  (J)'-  0.107 -J  +  0.015  j . 

Whenoe  for  the  following  valties  of  ^  we  obtain  the  corresponding 

values  of  Xand  z: 

^=   0.1       0.2       0.3       a4       0.6       0.6       0.7       0.8        0.d        1.0 

X=   0.87      1.31     1.58     1.78     1.93     2.04     2.12     2.19      2.24      2.27 
z    =  10.0     17.0     21.6     24.5     27.0     28.5     29.5     30.5      31.0      31.7 
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Tlio  values  of  tbe  pleasure  e  given  in  tbe  lowest  line  are  those  which, 
accordiug  to  d'Etroyat's  observations,  belong  to  the  corresponding 
values  of  a;  =  0.1  E,  &o.  Bnt,  according  to  eqoation  (3),  we  ctm  deter- 
mine tbe  constant  —  by  uivans  of  each  pair  of  X  and  z.    We  have  for 


&c.; 


this  purpose  the  ten  numerical  equations 

V*  _  10.0°^     _  17.0  ^  _21.5 

~g'~    0.H7    '  ~L3l'  "1.58' 
and  as  tbe  mean  of  these  ten  values  we  find 

—  =  13.7"""  of  mercury,  according  to  d^troyatj 
9 
similarly, 

Z-  =  13.2""»  of  mercury,  according  to  Taylor. 
9 
By  using  these  constants,  we  can  now,  for  each  value  of  «  =  0.1 3,  &c., 
compute  tbe  corresponding  value  of  2.    This  computation,  executed  for 
both  tbe  series  of  observations  by  d'Etroyat  and  by  Taylor,  gives  the 
following  rciiult: 

£  =  0.1      0.2      0.3      0.4      0.5      0.6      0.7      0.8      0.9      1.0 

D'Eteotat. 

e  observed..  10.0    17.0    21.5    24.5    27.0    28.5    29.6    30.5    31.0    31.7 
z  computed .  11.9    17.9    21.7    24.4    26.5    28.2    29.1    30.1    30.8    31.2 


« observed..  10.0    16.6    21.0    23.6    25.5    27.0    28.0    29.0    29.5    30.5 
recomputed.  11.5    17.2    20.8    23.4    25.4    27.0    27.9    28.8    29.5    29.9 

Tbe  agreement  is  therefore  almost  perfect    D^troyat's  observations 

give  for  —  the  value  13.7  millimeters  of  mercury,  or  460  feet  of  air; 

9 
Taylor's  observations  give  440  feet  of  air.  From  these  it  follows  that 
Y  =  120  feet  or  39  meters  and  117  feet  or  38  meters.  Since  tbe  velocity 
of  tbe  forward  progress  of  the  whirlwind  was  12  miles,  or  20  feet  per 
second,  therefore  must  the  greatest  velocity  of  the  wind  on  the  right 
side  of  tbe  whirl,  where  tbe  rotatory  aud  the  progressive  movements  take 
place  in  the  same  direction,  be  considered  to  be  140  feet  or  45.6  meters; 
but  on  tbe  lelt  side,  where  the  inverse  is  the  case,  it  becomes  100  feetor 
32.5  meters.  Forx  =  H  the  equation  (1)  gives  in  onr  case  «  =  68  feet  as 
tbe  velocity  of  rotation  at  the  onter  limit  of  the  whirl.  This  wonld  give 
a  velocity  of  88  feet  on  tbe  right  and  48  feet  on  the  left-band  side. 
Therefore  ))etween  these  limits  ranged  tbe  velocity  of  the  wind  within 
the  cyclone  of  the  21st  August,  1871. 
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ON  THE  RELATION  BETWEEN  BAEOMETRIC  VARIATIOXS 

AND  THE  GENERAL  ATMOSPHERIC  CURRENTS. 

Bt  Mr.  Pebum,  Mimino  Enoinkbb  at  Tarbbs. 


(1)  Tits  Laics  of  the  Winds  given  by  the  Si/noptie  Weather  O/torj*. 

If  -we  study  the  syuoptic  cbarte  that  tbe  Imperial  Ot>8erTatory  at 
Paris  has  collected  in  the  "  Atlas  of  the  General  Movements  of  the 
Atmosphere,"  we  are  strucli  by  the  g:etierality  of  a  fact  which,  at  first 
thongbt,  seems  contrary  to  tbe  laws  of  mecbanics.  Tbe  atmospheric 
carrents  never  move  in  a  direct  line  from  the  region  of  high  barometric 
pressnre  toward  tbe  region  of  low  pressure;  but,  according  to  tbe  numer- 
ous observations  recorded  in  the  8ynoi>tic  charts,  the  direction  of  tbe 
wind  is  more  often  nearly  that  of  the  tangent  to  the  isobarometric 
corves.  One  might  conclude  from  this  that  tbe  variations  of  atmos- 
pheric pressure  have  little  or  no  influence  apon  the  direction  of  tbe 
wind ;  that  tbe  movements  of  the  terrestrial  atmosi)bere  are  regulated 
by  some  foreign  force,  which  has  no  relation  to  the  pressure  indicated 
by  tbe  barometer, 

However,  a  more  thorough  examination  of  the  synoptic  charts  enables 
as  to  recognize  ft  certain  co-relation,  on  tbe  one  hand,  between  tbe 
direction  of  the  atmospheric  currents  and  the  direction  of  tbe  baro- 
metric variations,  connted  normally,  to  the  current,  and,  on  the  other 
band,  between  the  force  of  the  wind  and  tbe  rapidity  of  this  transverse 
variation  of  the  pressure.  For  tbe  sake  of  clearness,  let  ns  personify 
tbe  wind,  and  sappose  that  Eolas  faces  always  toward  tbe  point  of  the 
horizon  toward  which  he  blows.  We  shall  perceive,  in  the  first  place, 
tbat  in  tbe  synoptic  charts  tbe  bigh  barometric  pressures  are  always  on 
bis  right  band,  and  tbe  low  pressures  on  bis  left  baud.  In  the  second 
place,  we  shall  see  that  when  the  synoptic  chart  shows  regular  and  vio- 
lent winds  over  a  certain  extent  of  conntry,  the  isobars  cross  over  this 
region,  and  traverse  it  in  parallel  hues  close  together. 

According  to  the  examination  that  we  bavo  been  able  to  make  of  tb^ 
published  synoptic  charts,  tbe  preceding  laws  are  very  general,  and 
can  be  safely  applied  to  the  whole  temperate  zone  of  our  hemisphere; 
they  are  a  simple  extension  of  known  laws  of  the  movements  of  the  air 
in  cyclones  and  tempests.  We  shall  now  seek  to  give  their  explana- 
tion according  to  tbe  principles  of  mechanics. 

(2)  Mechanical  Conditions  of  tlte  Existence  of  an  Atmospheric  Current. 

I  assume  that  some  canse  initiates  in  our  hemisphere  a  general 
atmospheric  current;  that  is  to  say,  a  current  of  air  following  a  con- 
stant direction  over  a  large  extent  of  country.  I  will  now  seek  tbe 
30  a 
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coDditions  that  tlie  coustitatioo  of  the  atmosphere  imposes  in  order 
tbat  this  cnrreot  may  be  maintaioed  for  an  iadeflaite  leogth  of  time, 
and  in  order  that  the  diarnal  rotation  of  the  earth  shall  not  modify  tiie 
direction  which  the  current  haa  at  the  surface  of  the  f^lobe.  Let  A  be 
one  of  the  points  of  the  region  over  wbicU  the  atmospheric  cnrrent  pre- 
vails. Let  B  A  be  the  direction  of  the  current,  V  the  velocity  with 
which  the  air  moves.  Let  A  yhe  the  meridian  of  the  point  A;  A  ;r  (he 
perpendicnlar  to  A  y,  or  the  tangent  to  the  parallel  through  the  point  A. 
Let  as  represent  by  i  the  latitude  of  the  point  A,  and  by  n  =        ' 

the  angular  velocity  of  the  dinmal  rotation  of  the  earth.  The  carve 
really  described  in  space  by  a  particle  of  air  is  obtained  by  compoaod- 
ing  the  apparent  movement  of  this  particle  on  the  surface  of  the  earth; 
that  is  to  say,  the  translation  corresponding  to  the  velocity  of  the  car- 
rent,  with  the  movement  of  the  terrestrial  surface',  or  the  translation 
corresponding  to  the  dinrnal  rotation: 

I  decompose  the  diarnal  rotation  into  two  component  rotations,  the 
first  having  for  its  axis  that  radias  of  the  earth  which  posses  through 
the  point  A,  the  second  having  for  its  axis  the  terrestrial  radius  perpen- 
dicular thereto  and  in  the  plane  of  the  meridian  of  the  point  A.  The 
angular  velocities  of  these  component  rotations  will  be,  for  the  first, 
Q  sin  I,  and  for  the  second  Si  cos  A. 

Let  as  first  consider  the  effect  of  the  first  rotation.  The  apparent 
trajectory  of  the  particle  of  air  which  passes  by  A  being  the  line  A  P, 
the  real  tnyectory  will  be  a  curve  A  M,  determined  in  polar  co-ordinates 
by  the  equations  AM  =  AF  =  Vt.  Angle  P  A  M  =  £3  t  sin  ^,  where  t  is 
the  time  employed  by  the  particle  of  air  in  describing  the  arc  A  M. 

The  tr^ectory  described  is  a  carve.  Gousequently  the  particle  of  air 
is  subject  to  the  action  of  a  force  whose  value  depends  upon  the  cnrva- 
ture  of  the  trajectory,  and  is  easy  to  calculate  accoi-ding  to  the  princi- 
ples of  mechanics. 

The  tangent  to  the  trajectory  at  A  is  A  F,  for  the  limit  of  the  angle 
P  A  M  is  0  for  f  =  0.  The  velocity  at  A  is  Y,  for  this  velocity  is  the 
limit  of  the  ratio  of  the  arc  A  M,  or  of  the  chord  A  M  =  Y  t,  to  the  time 
t  required  to  describe  it.  Gonsequentty,  the  effect  of  the  force  tbat  we 
desire  to  calculate,  acting  through  the  time  t  apon  the  partjcle  of  air, 
is  to  produce  a  deviation,  represented  in  our  figure  by  the  Hue  P  M. 
Let  m  be  the  mass  of  the  particle  of  air  and  m  F  the  force  that  acts 
upon  it    We  shall,  according  to  mecbanical  principlea,  have 

PM  =  J'.^. 
The  figure  gives  us  the  geometrical  relation 

PM=AM.2.sin(P4i^), 

°'  F  M  =  2  F(  bin  - 


,  n  t  sin  A 


-ctvGooj^le 
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Comparing  ttiese  valaes,  and  passiDg  to  the  limit  by  making  t  dimin- 
ish to  zero,  we  shall  obtain,  for  the  valne  of  the  forc«  F, 
F=2  VSiBiai. 

As  to  the  direction  of  the  force,  it  is  that  of  the  deviation  P  M  per- 
pendicular to  the  line  bisecting  the  angle  P  A  M,  and  passiog  to  the 
limit  we  obtain  a  direction  A  F  perpendicnlar  to  A  P,  or  the  direction 
of  the  cnrrent  at  the  point  A. 

The  force  m  F,  whose  direction  and  valae  we  have  determined,  is  that 
known  In  mechanics  as  a  composite  cootrifngal  force.  We  will  now 
apply  to  our  special  case  the  general  theory,  by  means  of  which  we  pass 
from  forces  of  appareat  movement  to  real  forces. 

We  will  now  determine  tbe  effect  of  rotatioa  aboat  the  terrestrial 
radins  passing  through  the  point  A.  Tbe  second  rotation,  Chat  wbiuh 
takes  place  aboat  tbe  radios  perpeadicalar  thereto,  will' give  to  the  real 
trajectory  a  new  cnrvature,  and  conseqnently  we  should  have  to  con- 
clode  tbe  existence  of  a  new  corresponding  force;  but  this  second  com- 
posite centrifugal  force  is  feeble  relatively  to  the  first,  and  does  not 
seem  to  manifest  itself  in  existing  meteorological  observations.  In  order 
to  simpli^  onr  formulas,  we  shall,  in  what  follows,  neglect  it  as  being 
insensible. 

A  calculation  analogous  to  that  which  precedes  shows  that  if  the  air 
moves  parallel  to  tbe  terrestrial  surface,  or  if  the  level  of  tbe  particle  of 
the  air  m  does  not  vary,  tbe  second  composite  centrifugal  force  is  ver- 
tical and  has  for  its  valne 

2m  Fsin  ^  £J  cos  J 
(p  being  the  angle  that  the  velocity  V  makes  with  the  meridian). 

This  force  having  the  same  direoUoo  as  tbe  force  of  gravity,  and  ex- 
tremely feeble  in  comparison  with  it,  should  exert  an  infinence  propor- 
tional to  its  value.  We  do  not  think  its  effects  can  bo  clearly  distin- 
guished from  those  of  the  weight  of  the  air.  When  the  air  is  animated 
by  an  ascending  or  descending  movement,  snob  tbat  tbe  velocity  V  of 

dr 
the  particle  m  has  a  vertical  component  ^ )  tbe  composite  centrifugal 

force  that  we  are  studying  has  a  second  component 

2m~a  cosJ, 
at 

which  is  horizontal  and  perpendicular  to  the  meridian.  It  is  possible 
that  this  second  component  produces  some  appreciable  effects  in  meteor- 
ological phenomena  when  tbe  vertical  movements  of  tbe  air  become  im- 
portant, as,  for  example,  in  storms  and  hurricanes.* 

*  NoTK  BY  TUE  Tranblator. — It  will  be  peroelved  tbat  in  theee  formnlfe  P««lin  treats 
of  the  rotation  of  tbe  efutb  to  tbe  neglect  of  the  rotation  of  storm^wiuda  ahoDt  their 
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(3)   The  Law  of  Variation  of  Baronetrie  Prewure  within  Atmoapherie 
Cvrrenta. 

We  Bhall  sbow  that  wben  any  region  of  tbe  earth  is  traversed  by  a 
general  atmospberic  current  which  preserves  its  direction  notvithatand- 
ing  the  diurnal  rotation,  one  can  conclude  with  certaiuty  as  to  the  ex- 
istence of  horizontal  forces  perpeodicalar  to  the  direction  of  the  current 
and  nfTecting  every  particle  that  is  in  motion. 

The  forces  which  can  affect  any  particle  of  the  earth's  atmosphere  may 
be  divided  into  two  classes:  First,  the  internal  forces,  or  those  exerted 
by  neighboring  particles — in  other  words,  the  pressure^  second,  the  ex- 
ternal forces,  or  those  exerted  by  exterior  bodies.  The  external  forces 
can  be  redaced  to,  &rst,  the  attraction  exerted  by  the  earth,  or  the 
weight  of  the  particle ;  and,  second,  the  action  of  the  solar  heat.  But 
even  this  last  is  not  a  force,  properly  so-called,  for  it  does  not  tend  to 
displace  the  particle  of  air  or  make  it  to  move  in  one  direction  rather 
than  the  opposite.  Its  only  direct  effect  is  a  variation  of  the  internal 
living  force,  and  consequently  of  the  density. 

If,  then,  I  neglect  the  problematic  influence  of  the  moon  and  of  other 
celestial  bodies,  and  if,  moreover,  I  expressly  leave  ont  of  consideration 
the  forces  dne  to  atmospheric  electricity,  I  shall  find  no  exterior  force 
that  has'  a  horizontal  component.  There  will  remain  then  to  me,  in 
order  to  take  account  of  the  forces  m  F  which  solicit  tbe  particlea  of  the 
current,  only  the  variations  of  atmospheric  pressure  in  a  horizontal  direc- 
tion. 

Let  us  imagine  a  parallelopipedon  cnt  from  the  mass  of  moving  air, 
and  having  a  base  whose  surface  is  8,  in  a  vertical  plane  parallel  to  the 
direction  of  tbe  current,  and  a  height  equal  to  dr.  The  volume  of  the 
parallelopipedon  will  be  S  dr,  and  the  total  mass  of  particles  of  air 

which  it  contains  Jlf=  —  S  Jr  (where  f  is  the  density  of  the  air,  and 

g  =  9".8088  is  tbe  value  of  gravity. 

The  forces  exerted  upon  the  mass  M  due  to  the  particles  of  the  sur- 
rounding fluid  have,  for  resultants,  pressures  upon  the  faces  of  the  par- 
allelopii^don.  As  these  pressures  are  normal  to  tbe  faces  upon  which 
they  act,  the  pressures  upon  the  horizontal  faces  and  upon  the  vertical 
faces  normal  to  the  direction  of  the  current  give  no  components  having 
the  direction  of  the  forces  m  F.  We  have  then  to  take  account  only  of 
the  pressuresp  and  p  -)-  Jp  exerted  upon  the  two  vertical  bases  of  tbe 
surface  S;  and  recollecting  thut  tbe  resultant  of  all  tbe  forces  mF  which 
a&'ect  the  particles  contained  in  the  parallelopipedon  onght  to  be  equi- 
valent to  the  difference  between  these  two  i)re8surc6  in  opposite  directional, 
we  shall  have  the  equation' 

Sp-S(p+Jj>)  =  wiJ*; 

*  The  theory  that  we  aball  bero  dovolop  Id  order  t 
identiCLillf  the  same  oa  tbat  which,  in  mcchaoice,  eer 
equation  of  the  motion  of  flaids. 
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whence,  snbBtitatiDg  the  value  of  3f  and  dividing  by  3, 

'  9 

We  can  also  replace  F  by  its  valae  determined  prevloaBly,  and  tbe 
formnla  tben  becomes 


(4)  Application  to  the  Synoptical  Charts. 

It  is  easy  to  applj'-  theae  theories  to  atmospheric  cnrrentSf  and  to  show 
that  they  give  tbe  same  laws  that  we  have  deduced  from  tbe  examina- 
tion of  Byooptio  charts. 

Tbe  forces  m  F  have  do  componenta  in  the  direction  of  tbe  current; 
coneeqaently,  the  pressure  oagbt  not  to  vary  in  this  direction  :  in  other 
words,  the  direction  of  (be  wind  ought  to  be  tangent  to  the  corve  of 
equal  barometric  pressure.  The  direction  in  which  (he  pressure 
increases'  transversely  to  tbe  current  is  opposite  to  that  of  the  forces 
m  F.  It  should  change  when  the  direction  of  the  current  changes ;  and 
in  oar  hemisphere,  considering  the  direction  of  the  terrestrial  rotation, 
we  recognize  by  the  ezaminatioD  of  the  figure  which  gives  tbe  force  F 
that  tb«  highest  pressore  should  always,  on  the  synoptic  chart,  be  to 


rapidity  of  the  transverse  variation  of  tbe  pressure  increases  propor- 
tionally to  the  force  F;  that  is  to  say,  increases  on  the  one  hand  as  the 
velocity  Fof  the  moving  air,  and,  on  the  other  hand,  increases  in  pro- 
portion to  the  sineof  the  latitude  of  the  region  under  consideration.  If 
any  region  of  the  earth  is  traversed  by  a  violent  atmospheric  current, 
tbe  curves  of  equal  barometric  pressure  ought,  in  traversing  this  region, 
to  draw  closely  together,  and  so  much  the  more  for  a  given  violence  of 
tbe  wind  in  proportion  as  the  region  is  further  removed  from  thtj  equa- 
tor. 

(5)  Extention  to  the  Gage  of  Rotatory  Movement*. 

These  laws  are  those  that  relate  to  atmospheric  currents  of  constant 
direction  and  intensity  ;  when  the  movement  of  tbe  air  is  not  rectilinear, 
these  cease  to  be  rigorously  applicable.  It  is  neoeseary  tben  to  com- 
bine the  composite  centrifugal  force  with  the  forces  which  correspond 
to  the  apparent  movements  of  the  jmrticle  of  air.    These  forces  are : 

dV  F* 

m  -^  in  the  direction  of  the  current,  and  m^  in  a  direction  normal  to 

the  current,  It  being  the  radius  of  the  curvature  of  tbe  apparent 
trajectory.  Conaequeutly  tbe  formnls  which  give  the  variation  of 
barometrie  pressure  become 

^__£    IT- 
d«  "      g'  dt  ' 
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These  are  the  formols  wbicb  oaght  to  be  applicable  io  stodyiug  the 
rotatory  movemeots  of  the  ait  in  cfcloneB  aod  storms.  We  have  already 
stated,  at  the  beginoiDg  of  this  memoir,  that  the  laws  wbicb  we  have 
previonsly  eouociated  apply  to  the  movemeDts  of  the  air  in  tempents, 
and  that  they  have  beea  already  recognized  and  formulated  by  Dumerous 
observers.  We  must,  then,  conclude  that,  eveo  in  meteorological  phe- 
Domeoft,  where  the  apparent  movement  of  the  air  is  most  irregalar  and 
violent,  the  composite  ceutrifagal  force  retains  a  preponderating  Isfla- 
ence,  sach  that  the  variations  of  barometric  pressure  are  controlled 
principally  by  this  force,  according  to  the  laws  that  we  have  developed. 

But  if  our  formnlEQ  give  the  lame  of  tempests  as  a  particular  case,  it  is 
important  to  remark  that  they  are  more  general  still,  and  tbat  they  are 
applicable  to  all  the  movements  of  the  air  in  oar  hemisphere.  It  is  not 
necessary  that  there  should  be  a  storm  (that  is  to  say,  a  rotatory  move- 
ment of  the  atmosphere  accompanied  by  rain)  in  order  that  the  direction 
of  the  wiods  should  obey  the  preceding  rules.  Every  terrestrial  region 
where  a  barometric  depression  is  produced  will  be  surrounded  by  winds 
circulating  in  a  direction  opposite  to  that  of  the  hands  of  a  watch  ;  and 
conversely,  if  the  barometric  pressure  is  high  over  any  region,  the  winds 
prevailing  upoa  the  borders  of  this  region  will  circulate  in  the  same 
direction  aa  the  hands  of  a  watch.  It  is  only  necessary  to  glance  upon 
the  synoptic  charts  in  order  to  ascertain  bow  fully  these  rnles  as  to  the 
direction  of  the  winds  are  confirmed  by  the  observations  that  are  therein 
presented. 

(6)  Explanation  of  the  Variation  of  Barometric  Pressure  v^th  the  Latitude. 

Our  theory  permits  us  to  give  an  ezptanation  of  some  of  the  facts, 
generally  accepted,  relative  to  the  variations  of  barometric  pressure 
upon  the  surface  of  the  earth. 

The  barometric  pressure  reduced  to  the  level  of  the  sea  is  not  con- 
stant, but  varies  with  the  latitude.  Its  mean  value  at  the  equator  is 
about  758  millimeters.  It  increases  from  the  equator  to  a  parallel  be- 
tween 3  0°  and  40°,  and  there  attains  a  maximum  value  cf  7C2  to  704 
millimeters.  If  we  proceed  to  higher  latitudes,  the  pressure  diminishes, 
and  in  the  polar  regions  it  is  probably  less  than  75G  millimeters.'  This 
variation  of  pressure  with  latitude  is  also  easily  confirmed  by  the  syn- 
optic charts.  On  each  chart  we  see  designated  a  region  of  high  preesare 
whose  center  is  generally  in  the  middle  of  the  Atlantic  near  the  parallel 
of  30°.  The  pressure  at  the  center  often  attains  775  millimeters,  aud 
sometimes  780.  The  winds  are  feeble  near  the  center,  but  on  the  borders 
of  this  region  they  become  stronger.  On  the  east  and  south  borders, 
they  blow  from  points  of  the  compass  comprised  between  north  and  east, 
and  constitute  the  trade-wiods.  Un  the  northern  border,  the  winds  blow 
very  generally  from  the  went,  aod  are  connected  with  the  anti-trade 
currents. 

*  Kumtz'H  Metourologio,  Martin's  tHlitiOD,  p.  258. 

,1  zed  by  Google 
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According  to  our  theory,  the  existence  of  these  winds  on  these  borders 
saffioes  to  explain  the  high  pressure  that  ia  experienced  in  the  central 
regions;  it  seems  to  as,  then,  very  probable  that  the  variation  of  the 
preeanre  with  latitude  ongbt  to  be  attribated  to  the  permanent  cnrrents 
that  the  earth's  atmosphere  presents.  The  pressure  should  increase 
then  fh>m  the  eqnator  to  the  parallel  of  30°  in  the  whole  region  where 
the  trade-winds  of  the  eqaatorial  zone  prevail ;  it  should  decrease  from 
the  parallel  of  i(y^  to  the  pole  over  the  whole  region  where  the  return 
current  or  the  contra-trade  of  the  temperate  zone  prevails. 

It  is  on  the  parallel  where  the  interchange  is  made  of  the  second  cnr. 
rent  for  the  first  that  the  presenre  attains  its  maximum  value. 

(7)  Explanation  of  the  Increase  of  the  Monthly  Oscillations  of  the  Barome- 
ter from  the  Equator  to  the  Pole. 

One  of  the  most  promiueut  facta  that  is  presented  by  the  observation 
of  the  barometer  is  the  rapid  increase  of  the  irregular  oscillations  in 
proportion  as  we  go  away  from  the  equator.  The  difference  of  the 
monthly  extremes,  which  at  the  eqnator  scarcely  surpasses  on  the 
average  two  or  three  millimeters,  is  ten  millimeters  at  the  parallel  of 
30^,  and  becomes  thirty  aud  even  forty  millimeters  in  the  polar  regions.' 
This  enormona  variatiou  of  the  monthly  barometric  oscillation  was  indi- 
cated a  long  time  ago  by  De  Saussure,  who  has  said  that  any  hypothe- 
sis destined  to  explain  the  barometric  oscillations  ought  first  of  all  to 
take  account  of  their  increase  with  the  latitude.  Let  ns  see  if  onr  theory 
gives  any  satisfaction  as  to  this  point. 

In  the  formula  which  gives  the  transverse  barometric  variation  for 
an  atmospheric  current  of  the  velocity  Y,  and  which  is 

^=-2^FQ8in<l, 
Jr  g 

the  sine  of  the  latitude  enters  as  a  factor.  An  atmospheric  current  of 
constant  intensity  produces,  then,  on  its  borders  variations  of  barometric 
pressure  which  are  very  unequal,  according  as  it  is  developed  near  the 
pole,  or  near  the  equator.  If  we  represent  by  unity  the  variation  of  the 
barometer  in  the  polar  regions,  it  becomes  0.71  at  the  latitude  of  45°, 
0.50  at  the  latitude  of  30°,  and  0.26  at  the  latitude  of  m>. 

Let  us  apply  to  the  numbers  cited  by  Kamtz  a  correction  for  the  lati- 
tude calculated  according  to  these  considerations;  in  other  words,  let 
ns  divide  by  sin  J  the  monthly  oscillation  of  the  barometer  in  order  to 
reduce  it  to  that  which  would  have  been  produced  at  the  pole  of  the 
earth  by  a  current  of  the  same  intensity.  We  shall  obtiun  a  eeries  of 
□ambers  which  increase  with  the  latitude,  but  in  a  much  less  rapid 
degree  than  previously.  The  monthly  oscillations  reduced  to  the  pole 
become  ten  to  fifteen  millimeters  for  the  equatorial  regions,  twenty 
millimeters  for  the  parallel  of  30o,  and  thirty-five  to  forty  millimeters 
for  the  polar  regions. 


•  E&mts,  Uetearologle,  p.  SSI.        |^ ^  , ^^^  ■  GoOqIc 
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It  remaiua  to  be  shown  wbetber  the  irregular  atmospheric  corrests 
and  storms  which  produce  in  each  month  the  extreme  variations  of  the 
barometer  increase  in  intensity  with  the  latitude;  whether  this  intensity 
doubles  as  we  pass  irom  equatorial  regions  to  temperate  zones  and 
trebles  when  we  pass  to  the  polar  regions. 

A  precise  verification  cannot  be  made  at  present.  We  possess  oo 
direct  observations  upon  the  mean  velocity  of  the  atmospheric  carreuts 
in  different  latitudes;  bat  we  can  assert  that  the  ratios  of  the  intensities 
to  which  our  theory  leads  us  do  not  differ  very  mnch  &om  the  reality.  It 
is  well  established  that,  as  the  regular  winds  diminish,  the  frequency  and 
the  violence  of  the  irregular  currents  and  of  the  tempests  increase  in  [»^ 
portion  as  we  depart  from  the  equator.  The  reason  would  seem  to  be 
that  indicated  by  Kamtz.'  The  first  cause  ofevery  current  in  our  atmos- 
phere is  an  irregularity  of  temperature.  Kow,  in  proportion  as  we 
proceed  irom  the  pole  toward  the  equator,  the  thermometrio  variatioD 
for  any  change  in  latitude  becomes  more  rapid;  the  distribution  of  tem- 
perature upon  the  same  parallel  becomes  more  irregular.  In  general, 
we  think  it  certain  that  our  formula  sofilces  to  explain  the  enormoos 
variation  of  the  monthly  barometric  oscillation  as  one  passes  from  the 
equatorial  to  the  polar  regions. 

(8)     Calculation  <if  tlie   Velocity  of  the   Wiud  from  tke   Variatiotu  of 
Barometric  Pressure. 

The  relation  that  we  have  fonnd  between  the  velocity  of  the  air  in 
any  atmospheric  current  and  the  variation  of  barometric  pressure  in  a 
direction  transverse  thereto  should  permit  us,  inversely,  to  calculate  the 
velocity  of  the  air  when  we  know  the  law  of  the  variation  of  the 
pressures.  The  synoptic  charts,  by  giving  us  for  every  day  the  law  of 
the  distribution  of  pressure  over  a  certain  region  of  the  earth,  enable  as 
todeduce  the  mean  velocity  that  should  be  presented  by  the  atmospheric 
currents  prevailing  over  this  region.  To  this  end  it  suffices  to  resolve 
the  equation 

Jp  =  —  2^VEiaiaiJr 
.  9 

with  reference  to  the  velocity  T  considered  as  an  unknown  quantity : 
thus  we  obtain 

In  the  synoptic  charts  the  isobars  are  traced  for  pressures  differing 
by  five  millimeters.  For  the  value  of  the  arbitrary  distance  Ji*,  I  take 
the  distance  of  the  two  isobars  which  include  the  point  under  considera- 
tion. The  corresponding  value  of  Jp  would  be  equivalent  to  a  height 
of  5  millimeters  of  mercnry,  and  we  consequently  have 
Jp_  0-.005  X  13.596 


0.001293  XjT 


■  Omtz,  Ueteorologie,  p.  S 
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(where  p  is  thtt  preesore  and  t  the  temperature  of  the  air  whose  density 
is  repreaented  by  fi). 

Ul>on  the  synoptic  chart,  the  natnral  anit  of  length  is  the  d^ree  of 
the  meridian,  which  is  represented  at  any  point  by  the  distaooe  between 
the  lines  corresponding  to  the  terrestrial  parallels.  I  will  call  i  the 
valae  of  the  distance  Ar  expressed  in  this  anit.  As  our  formula  sup- 
poses that  the  meter  is  taken  as  the  unit  of  length,  the  value  of  Jr  that 
we  shall  use  will  be 

lOOOOOOtr     . 


Jr  = 


yo 


r=31".91x^ 


[90°  of  the  meridian  of  the  earth  are  equivalent  to  10,000,000  meters). 
Wo  have,  finally, 

!,  »  .<^00,  y^^yy  ^^^ 

After  ell  sabBtitutions  have  been  made,  the  formula  which  gives  the 
value  of  V  becomes 

y  _    0.005  X  13.596  x  9.8088  x  86400  x  90       0.760     l+J^, 
2  X  0.001293  X  2  X  3.14UJ  X  10 000  000  ^     p      ^  SsiaX'^ 
whence,  by  making  the  calculations  as  indicated, 
^  <>1I60  ^  1  +  af 

p  <>  8lU  .1  * 

In  this  formula,  there  enter  four  elements — the  barometric  pressure  p^ 
the  temperature  t,  the  distance  of  the  isobars  9,  and  the  latitude  k ;  but 
the  daily  variations  of  the  two  first  elements  exert  only  a  feeble  influ- 
ence, which  may  be  neglected  in  a  first  approximatton.  The  pressurep 
in  the  synoptic  chart  has  reference  to  the  level  of  the  sea,  and  varies 
between  the  limits  115  and  785  millimeters ;  consequently,  the  factor 
0.760  remains  always  comprised  between  the  limits  0.907  and  1.06.  As 
to  the  temperatore  (,  its  variations  have  a  greater  importance ;  bat,  as 
they  are  not  giveu  upon  the  synoptic  charts,"  we  are  obliged  to  neglect 
its  daily  variation,  and  oan  take  account  only  of  the  mean  temperatures. 
In  order  to  simplify  the  matter,  we  have  assumed  that  this  mean  tem- 
perature, snppoeed  to  be  reduced  to  the  level  of  the  sea,  depends  only 
Dpon  the  latitude  X,  and  we  have  formed  a  table  of  double  entry  giving 
the  values  of  the  velocity  Y  corresponding  to  various  values  of  l  and  S. 
This  table  has  beeu  formed  especially  in  reference  to  the  zone  covered 
by  the  eynoptio  charts,  that  is  to  say,  the  regions  of  the  North  Atlantic 
and  of  Western  Europe  comprised  between  the  parallels  of  30°  and  60^ 
of  north  latitude. 
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Tbe  applicatioD  of  this  table  to  the  ayaoptic  charts  is  easy.  Thus,  let 
OS  suppose  that  we  are  stadyiug  the  charts  of  the  last  t«n  days  of  Jaoe, 
1864,  and  that  we  desire  to  flod  tbe  average  force  of  the  trade-wind 
wbiob,  dariDg  those  days,  prevailed  apoa  tbe  Atlantic  aloDg  the  coast 
of  Portugal.  By  compariug  the  barometric  pressares  noted  by  the  dif- 
ferent ships  that  passed  oat  a  short  distance  from  this  coast  with  the 
pressares  observed  at  Lisbon,  which  remained  very  nearly  constant  dnr- 
ing  the  ten  days,  we  find  for  3  very  accordant  valnea,  varying  only 
between  3.0  and  4.0.  Tbe  latitude  is  40<>  north,  since  tbe  parallel  of  40<> 
cats  the  coast  of  Portugal  between  Lisbon  and  Oporto.  From  this  we 
coDclnde,  by  means  of  the  above  table,  that  tbe  force  of  the  wind  mast 
have  varied  between  13  and  17  meters  per  second,  and  that  its  mean 
\'alae  was  very  nearly  15  meters  per  second. 

Let  as  take  a  second,  more  complicated  example,  that  of  a  whirling 
movement  of  tbe  air.  Tbe  synoptic  chart  of  tbe  14tb  of  January,  13G5, 
shows  that  on  this  day  a  storm  raged  upon  tbe  coasts  of  France  and 
England.  Jjet  as  seek  the  force  of  the  wind  which  blew  over  the  cen- 
ter of  France,  between  Paris  aud  Bordeanx.  The  barometric  pressure 
at  8  o'clock  in  the  morning  was  T3S.C  millimeters  at  Paris  and  753.6 
millimeters  at  Bordeaux  and  Toulouse.  Tbe  difference,  15.0  millimeters, 
corresponds  to  a  distance  which,  reduced  normally  to  tbe  direction  of 
the  atmospheric  current,  is  4°.5  of  the  meridian. 

We  have,  then,  to  take  from  tbe  table  that  valae  of  V  wbicb  corre- 
sponds to 

4.5 

at  latitude  45°.  This  valae  is  7  =:  31.5.  Such  would  be  the  force  of  the 
wind  if  tbe  atmospheric  cai'rent  were  [linear  Tj,  bat  as  the  air  in  tbe  atorm 
has  a  turning  movement,  we  can  aqcept  this  figure  only  after  having 
applied  to  it  a  correction.  I  do  not  think  it  would  be  useful  to  enter  into 
the  details  of  the  calculation  of  this  correction.  It  is  made  by  applying 
tbe  formula  that  we  have  given  for  the  turning  movement,  and  the  v^ae 
of  the  correction  depends  essentially  on  tbe  ratio  of  the  curvature  of  the 
trajectory  [with  reference  to  the  distaoce  of  tbe  point  considered  as  tbe 
center  of  depression  about  wbicb  the  wind  rotates]  and  tbe  velocity  of 
progression  of  the  center.  In  tbe  present  case,  tbe  value  of  tbe  correc. 
tion  will  be  found  eqaal  to  5  or  6  meters,  and  we  are  led  to  adopt  the 
figure  26  meters  per  second  as  representing  tbe  average  force  of  the 
wind  that  prevailed  between  Paris  and  Bordeanx. 

The  synoptic  chart  gives,  indeed,  the  force  of  the  wind  at  every  point, 
bat  the  sign  for  figure]  representiog  this  force  corresponds  to  an  indefi- 
nite ei)itbet  which  cannot  be  translated  into  precise  figures.  We  can, 
therefore,  not  verify  the  exactness  of  tbe  result  wbicb  onr  formula  gives 
for  tbe  force  of  the  wind  ;  we  can  only  state  whether  there  exists  a  gen- 
eral accordance  between  tbe  results  of  the  calculation  and  those  of  the 
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observation ;  and  it  is  easy  to  assnre  oarBelvea  tbat  tbia  is,  in  general, 
ver;  satisfactory. 

Bat  we  OQght  not  to  conceal  the  fact  that  some  discordances  present 
tfaemselves  when  we  enter  into  details;  tbat  our  theory  does  not  explain 
certain  observations  of  the  force  anil  direotioii  of  tbe  wind  recorded 
in  the  atlas.  These  ezcepttonal  facts,  it  seems  to  as,  ought  to  be  ex- 
plained either  by  local  inflaences,  such  as  tbe  attraction  of  coasts,  of 
valleys,  of  moantaias,  or  by  periodical  or  accidental  meteorological 
phenomena,  snch  as  tbe  morning  breezes,  gnsts  of  wind,  thaDder-atorms, 
&0.  The  proportion  of  discordances  to  the  accordances  is  too  small  to 
throw  any  doubt  upon  the  ezaetnesB  of  the  theory. 

(9)  Application  of  the  same  Theory  to  Ocean  Currents. 

I  will  terminate  this  memoir  by  an  application  wbicb  does  not  directly 
refer  to  meteorological  pbeaomena,  but  which  has  a  certain  interest  in 
reference  to  the  general  physics  of  the  globe.  Let  as  consider  a  grand 
ocean  current,  as  for  example,  the  Oalf  Stream  along  the  coast  of  Sorth 
America.  A  particle  of  the  surface  moviog  with  the  velocity  V  iu  sub- 
ject to  two  forces :  gravitation,  a  vertical  force  whose  intensity  is  »t  g, 
and  tbe  composite  centrifugal  force,  a  horizontal  force  whose  direction  is 
normal  to  that  ofthe  current,  Bod  whose  intensity  i8mf  =  2m  V  £i  Biu^ 
In  order  tbat  tbe  particle  of  water  should  not  deviate,  but  continue  to 
progress  in  tbe  same  direction  with  the  same  velocity  F,  it  is  necessary 
that  the  free  surface  of  the  sea  should  be,  at  this  place,  not  borizootal 
bat  normal  to  the  resultant  of  the  forces  m  g  and  nt  f ;  that  is  to  say,' 
that  in  a  section  taken  normal  to  tbe  direction  of  the  current  the  free 
sarfoce  presents  an  inclination,  J,  to  the  horizontal  plane  whose  valne 
satisfies  the  equation 

tong2=^=2  478inJ. 
mg  g 

Thus,  in  tbe  same  way  tbat  the  trade-winds  and  tbe  anti  trades  are 
tbe  cause  of  the  increase  in  tbe  barometric  pressure  toward  paralk-ls  3(P, 
in  precisely  the  same  way  the  Gulf  Stream,  which  reproduces  at  the  sur- 
face of  tbe  sea  tbe  circulation  of  tbe  general  currents  of  the  atmosphere, 
gives  rise  to  an  elevation  of  the  level  of  the  sea  at  the  center  of  the 
Atlantic,  or  to  an  accumulation  of  water  in  the  region  about  which  the 
current  circulates.  Let  as  calculate  the  inclination  I  and  the  difference 
of  level  to  which  this  ioolination  gives  rise. 

If  in  tbe  formula  whioh  gives  tang  /  are  sabatitnted  the  valoes  of 
_  2  X  3.1416 


g  =  9°.8088  and  of  fi  = 


we  obtain 
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I  =  3".06  7  sin  -i. 
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Tbia  inclination  J  is  very  feeble,  bat  as  tbe  breadth  X  of  the  cnrreDt 
of  the  Oalf  Stream  is  very  considerable,  the  dtffereDce  of  level  between 
tbe  two  borders  of  the  cnrrent  J  »=  X  tang  I  attains  a  considerable  valae. 
Tbns,  let  as  take  as  tbe  base  of  onr  calculation  the  figares  giveu  by 
Eiimtz  in  his  Meteorology,  or  those  pnblisbed  more  recently  by  A.  £>. 
Bache,  SiiperiotendeDt  of  the  United  States  Coast  Survey.  We  sbail 
find- 
First.  At  tbe  latitude  of  2G°,  between  tbe  coasts  of  Florida  aud  the 
Bahamas,  X  =  90  kilometers,  T  =  3  to  4  oantical  miles  per  boor; 
whence  results  a  difference  of  level  of  from  I'^.OO  to  1*>.20. 

Second.  At  the  latitude  of  33°,  between  Cape  Henlopeo,  near  Charles- 
ton, and  the  Bermudas,  L  =  230  kilometers,  F  =  2J  uautical  miles 
hourly ;  whence  results  a  difference  of  level  of  2.40  met«rs. 

Third.  At  the  latitude  of  i2°  south  of  tbe  Banks  of  Newfoundland, 
near  the  point  where  the  current  turns  toward  tbe  east,  X  =  470  kilo- 
meters, V  =  1.5  nautical  miles  hourly ;  whence  we  calculate  the  differ- 
ence of  level  to  be  3.C0  meters. 

These  figares  are  probably  a  little  too  large;  tbe  velocity  of  the  cur- 
rent grows  feebler  on  its  borders,  and  the  inclination  of  the  surface  of 
the  sea  experiences  a  corresponding  redaction.  Bat  after  all  corrections, 
these  data  remain  important,  and  we  are  forced  to  admit  that  tbe 
surface  of  the  sea,  even  iu  an  ocean  as  open  as  the  Atlantic,  is  not 
ligorously  horizontal;  that  over  very  extended  regions  it  presents 
iuclinatious  that  can  amount  to  many  seconds,  and  a  level  differing 
from  tbe  mean  level  of  tbe  sea  by  several  meters. 

We  know  that  the  operations  recently  conducted  for  a  general  level- 
ing of  France  have  indicated  differences  between  tbe  mean  levels  of  the 
sea  iu  different  parts  of  the  Mediterranean  and  tbe  Atlantic.  It  is  pos- 
sible that  this  singular  result  ought  not  to  be  attributed  simply  to  the 
complexity  of  the  calcniatious  and  the  observations,  but  that  it  may  be 
tbe  expression  of  a  general  fact,  and  that  this  fact  is  explained  in  paxt 
by  the  general  oceanic  currents  which  prevail  around  the  coasL 

(10)  SuppJementarn/  Note. 

My  memoir  was  addressed  to  tbe  Academy  of  Sciences  of  Paris  is 
tbe  latter  part  of  1869.  Toward  the  end  of  the  following  year,  we 
received  a  copy  of  the  "Atlas  of  Storms  of  the  Norwegian  Meteorologi- 
cal Institute"  that  Mr.  Mohn,  director  of  this  institute,  has  done  as  the 
honor  of  presenting  to  ns,*aod  where  we  find  the  following  lines  on 
page  11 : 

"  Tbe  force  of  the  wind  depends  on  the  magnitude  of  the  variation  in 
the  pressure  of  tbe  air  experienced  from  place  to  place  at  the  surface  of 
the  earth,  or  on  the  magnitude  of  the  barometric  gradient.  The  greater 
the  variation  of  pressure  from  one  place  to  another,  the  smaller  ia  the 
gradient  and  tbe  stronger  is  tbe  wind. 

"  This  will  be  seen  upon  any  one  of  the  charts  of  this  atlas.    The 
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more  tbe  isobars  are  crowded  together,  the  more  nameroDH  are  the 
piliogB  of  the  wind-arrowB.  Id  an  earlier  initial  momoir,  entitled  'Ob 
tbe  Thonder-Storms  of  Korway  in  18GS,'  I  bare  attempted  a  deterinitia- 
tioD  of  the  namerieal  relation  between  the  magnitude  of  tbe  gradieut 
and  tbe  foroe  of  the  wind,  with  the  following  results : 

"Gradient S03040E060     70e090     100      kilometora. 

"Forwofwind 4.9    3.9    3.1    2.3    1.8    2.0    1.5    1.6      1.4  on  aeoale  of  6. 

"  By  a  graphic  interpolation,  we  deduce  (torn  these  numbers  tbe  de- 
grees of  force  of  wind  on  tbe  scale  employed  and  tbe  correspoDding 
barometrio  gradients,  as  is  shown  in  the  following  table.  The  approxi- 
mate Telocity  of  tbe  wind,  expressed  in  kilometers,  per  hour,  which  cor- 
responds to  the  figores  of  tbe  scale  of  foroe,  are  also  added. 


Fgrca  of  irlod. 

"Tter" 

Baroraelrio 

flL  Violent 

OTerlOOUlD- 

10-100 
40-70 

4—14 

Le     lim     17 

kitODlPlOrB. 

"The  force  of  tbe  wind  depends  so  strongly  upon  local  causes  that  a 
table  like  this  can  bare  only  a  general  value.  We  can  deduce  au 
inverse  ratio  between  tbe  gradient  and  the  wind-velocity,  such  that 
their  product  is  equal  to  14C0  (Barometric  gradient  x  wind-velocity 
=  IIGO).  On  tbe  sea,  the  force  of  tbe  wind  will  be  for  the  same  baro- 
metric gradieut  much  greater  than  in  the  interior  country,  where  the 
wind  finds  far  more  impediments  to  its  movement  over  the  surface  of 
the  earth." 

We  see  that  Mobn,  in  a  work  independent  of  onrs  and  probably  an- 
terior thereto,  has  recognized  the  law  of  inverse  ratio  between  tbe 
velocity  of  tbe  wind  and  the  distance  of  tbe  isobars. 

Let  us  compare  tbe  numbers  resulting  from  bis  observations  with 
those  that  our  theoretical  formula  gives,  Mohn  measures  the  velocity 
of  tbe  wind  in  kilometers  per  hour ;  we  have  taken  for  tbe  unit  the  me- 
ter and  tbe  second.    In  order  to  pass  from  these  latter  nnits  to  the  first, 

'''*'*®*'-=3.60i8tobeused. 

Tbe  barometrio  gradient  is  defined  by  Mohn,  page  15,  as  "tbe  number 
of  kilometers  that  it  is  necessary  to  go  in  the  direction  of  tbe  gradient 
in  order  that  the  pressure  of  tbe  air  may  diminish  by  one  millimeter.'* 
Our  units  for  d  are  a  degree  of  tbe  meridian,  or  111  kilometers,  and  a 
barometric  variation  equal  to  live  kilometers.    Consequently,  the  value 

of  tbe  barometric  gradieut  is  -p-  S,  and  its  product  by  the  velocity  of 

the  wind,  3.G0  V,  in  our  system  of  units,  will  have  the  valne 

ii^ 3x3.60  V=80V3. 
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Our  tableof  corresponding  theoretical valaea  of  VaaA  S  gives  for  tbe 
latitude  of  Ohristiania,  or  60O  nortb,  the  coDStant  prodnct  78  =  37^, 
wbeace  80YS  =  3000.  Mr.  Hohn  gives  as  the  result  of  obserratlons  on 
the  force  of  tbe  wiud  in  Norway  the  mean  product  80  Fa  =  1460;  that 
is  to  say,  very  nearly  one-half  of  our  theoretical  resnit.  It  is  easy  to 
recognize  tbe  reason  of  the  apparent  discordance  of  these  two  results. 
Mobn,  in  the  passage  that  we  have  cited,  says  that  "  upon  tbe  sea  the 
force  of  tbe  wind  will  he,  for  the  same  gradient,  far  greater  than  in  tbe 
interior  of  tbe  country ." 

It  is,  on  the  other  band,  certain,  according  to  ell  tbe  observatione 
made  both  on  mountains  and  in  balloons,  that  tbe  force  of  tbe  wind 
increases  considerably  as  we  ascend  in  the  atmosphere.  And  these  facts 
relative  to  atmospheric  currents  conform  entirely  to  that  which  has  been 
established  for  liquid  currents;  the  velocity  at  the  base  or  near  the 
borders  is  notably  feebler  than  tbe  mean  velocity  of  tbe  current. 

There  is,  then,  no  reason  for  surprise  that  tbe  velocities  observed  by 
Mobn  at  the  surface  of  the  earth  are  feebler  than  tbe  velocities  deduced 
from  our  theoretical  formula,  which  should  give  us  tbe  mean  velocities 
of  tbe  atmospheric  currents.  The  figures  that  he  cites  show  that,  in 
order  to  pass  from  the  latter  to  the  former  or  from  the  theoretical  to  the 
observed  velocities,  it  is  necessary  to  apply  a  coefiBcient  of  reduction, 
which  is  0.40  for  the  smaller  velocities,  and  which,  increasing  in  pro- 
portion as  tbe  velocity  increases,  can  become  0.60  for  the  very  greatest 
velocities. 
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